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PREFACE. 


This  volnme  is  intended  to  supply  a  rather  complete  text-book 
on  inorganic  chemistry  for  colleges  and  universities^  and  a  handy 
reference  book  for  all  students  and  teachers  of  chemistry.  I  have 
had  in  mind  first  an  orderly  and  systematic  treatment  of  the  sub- 
ject without  reference  to  any  teaching  method.  The  teacher  may 
go  from  chapter  to  chapter  as  his  own  method  may  require. 

In  writing  the  book  I  have  gathered  information  from  any 
source  within  my  reach,  and  here  fully  acknowledge  my  indebted- 
ness to  the  many  authors  whose  works  I  have  consulted,  to  the 
dictionaries  of  chemistry,  and  to  the  various  chemical  journals. 
Special  thanks  are  due  to  Messrs.  Longmans,  Green  and  Company 
for  the  use  of  Figs.  6,  37,  60,  and  61,  taken  from  Newth's  Chem- 
istry, and  to  the  Scientific  American  for  Fig.  69. 

In  Part  I  is  found  a  general  introduction  to  chemistjy  and  a 
logical  division  of  the  subject  into  its  principal  branches. 

In  Part  II  is  given  such  an  outline  of  physical  chemistiy  as  is 
necessary  to  the  full  understanding  and  appreciation  of  the  de- 
scriptive portion  of  the  work. 

In  Part  III  theoretical  chemistry  is  treated  with  more  than  the 
usual  fullness.  The  student  cannot  too  soon  become  acquainted 
with  this  branch  of  the  subject  nor  study  it  too  much.  It  contains 
the  very  heart  of  chemistry,  and  a  knowledge  of  it  is  absolutely 
necessary  to  the  intelligent  study  of  the  elements  and  their  com- 
pounds. 

In  Part  IV  the  purpose  has  been  to  treat  with  the  fullnesj 
which  it  deserves  every  known  chemical  element  and  all  the  com- 
pounds which  are  of  commercial  or  of  theoretical  interest.  In 
classification  and  treatment  the  periodic  system  has  been  closely 
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followed,  since  after  due  consideration  this  plan  seemed  most  con- 
venient as  well  as  most  scientific. 

Atomic  weights  are  given  in  the  tables  with  reference  to  both 
hydrogen  and  oxygen,  but  in  the  text  the  oxygen  values  are  used 
because  they  are  most  familiar  and  most  nearly  approximate  whole 
numbers. 

A  laboratory  handbook  has  been  prepared  to  accompany  this 
volume.  The  student  should  do  the  work  indicated  therein  as  in- 
dustriously as  he  studies  this  text. 

J.  I.  D.  Hinds. 
University  of  Nashville, 
Nashville.  Tennessee, 
September,  1902. 


PREFACE  TO  THE   SECOND  EDITION. 


The  thorough  revision  which  has  been  made  for  tliis  edition 
has  necessitated  the  rearrangement  of  some  of  the  parts  and  chap- 
ters. Fuller  treatment  has  been  given  to  Theoretical  and  Pliysical 
Chemistry  and  several  of  the  chapters  have  been  largely  rewritten; 
as,  for  example,  those  on  Chemical  Actions,  Solutions  and  Thermo- 
chemistry. Xew  chapters  have  been  added  on  Electrochemistry 
and  Photochemistry,  including  Radioactivity,  thus  making  the 
treatment  of  Physical  Chemistry,  though  brief,  practically  com- 
plete. In  the  Part  on  Descriptive  Chemistry  errors  have  been 
removal  so  far  as  they  have  been  discovered,  and  such  minor 
changes  and  additions  have  been  made  as  to  secure  harmony  with 
the  present  state  of  chemical  knowledge.  Ions  have  received  due 
consideration  and  a  chapter  has  been  added  on  Radium,  Polonium, 
and  Actinium. 

In  addition  to  the  very  full  index  with  which  the  volume  closes, 
a  Biographical  Index  has  been  prepared  which  should  be  helpful  to 
both  students  and  teachers  of  chemi^itry. 

J.  I.  D.  HiXDS. 
January,  1905. 
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SUGGESTIONS  TO  TEACHERS. 


« 

I 


A  teacher's  method  cannot  well  be  put  into  a  text-book,  bnt 
the  text-book  can  accommodate  itself  to  the  teacher.  I  suggest 
three  courses,  either  of  which,  I  think,  may  be  successfully  fol- 
lowed with  this  volume. 

1.  Follow  the  laboratory  book  for  the  first  two  or  three  months, 
studying  in  this  book  the  subjects  treated  there. 

2.  Study  Part  I,  then  begin  Part  IV,  but  take  one  lesson  each 
week  from  Parts  II  and  III. 

3.  Study  the  chapters  and  subjects  in  the  following  order : 
Chapters  I,  III,  IV,  V,  hydrogen,  oxygen,  water;  Chapters  VH 

IX,  X,  chlorin,  hydrochloric  acid,  sulfur,  hydrogen  sulfid,  nitrogen 
ammonia,  nitric  acid,  carbon,  carbon  dioxid,  carbon  monoxidj 
sodium,  sodium  chlorid,  sodium  hydroxid,  potassium,  calcium, 
aluminum;  Chapters  VI,  XI;  then  through  the  book  regularly,  be- 
ginning at  Part  II. 
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PART  I. 

INTRODUaiON. 


CHAPTER  I. 
GENERAL  STATEMENTS  AND  DEFINITIONS. 

Science. — The  word  science  means  knowledge.  The  term  is 
widely  applied  to  all  classified  knowledge.  Its  use  is,  however, 
generally  limited  to  the  study  of  material  things. 

Material  science  is  knowledge  obtained  directly  or  by  inference 
from  nature.  It  is  divided  into  two  branches,  physical  scie7ice  and 
natural  science. 

Physical  science  studies  matter  itself  and  includes  the  two 
subjects,  physics  and  chemistry. 

Natural  science  studies  material  forms  and  structures  and 
includes  the  biological  sciences  of  zoology  and  botany. 

Astronomy,  geology,  mineralogy,  and  geography  are  mixed 
sciences,  being  neither  purely  physical  nor  purely  natural,  but 
partiikirig  of  the  nature  of  both. 

Statics  and  Dynamics, — In  all  science  work  an  object  may  be 
studied  at  rest  or  in  action.  In  the  one  case  we  study  structure, 
properties,  characteristics;  in  the  other,  function,  use.  There  are 
thus  two  divisions  of  any  science  which  may  be  called  statics  and 
dynamics.  In  biology  they  constitute  the  two  great  divisions 
called  morphology  or  anatomy  and  physiology. 
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Matter  Defined. — Matter  is  that  which  composes  the  objective 
universt?  anil  w  hich  we  pcrcei%^e  thn>ugh  the  senses.  It  does  not, 
however,  follow  that  all  matter  may  be  perceived.  We  have 
rmson  to  believe  that  there  are  forms  of  matter  not  percei>tible  aSj 
such;  as,  for  example,  the  interstellar  ether. 

Matter  Indestructible. — So  far  as  we  know,  matter  cannot 
createil  nor  dcstroyciL     WTien  it  apparently   dkappears    it  h 
siniply  changed  its  form.     In  the  combustion  of  wood  or  coal,  foi! 
example^  if  the  pmduct«>  of  the  combustion,  some  of  which  ar€ 
invisible  gases,  together  with  the  ash,  be  collected  and  weighed,  it^ 
will  be  found  that  nothing  has  been  lost.     Chemistr}*  has  mainly 
to  do  vaih  transformations  of  matter  and  as  an  exact  science  i^^J 
based  upon  tlic  indestructil^jlity  of  matter. 

States  of  Matter*— Matter  exists  in  three  stat^,  mlid^  liquid^ 
and  fftt^.     In  soKds  the  molecules  are  held  rigidly  together;    in 
liquids  they  yieltl  eaj^ily  to  an  external  force  and  move  slowly  among  j 
themselves ;  in  gases  they  are  widely  separated  and  move  with  the 
greatest  freedom.    There  is  no  sharp  line  bet\f een  the  throe  states^ 
We  have  soft  solids  and  viscous  liquids,  and  some  gases  under  pre 
sure  may  be  brtmght  very  near  to  the  liquid  condition. 

Tlieoretically  any  substance  may  be  made  to  cxii?t  in  cacli  of 
the  three  states,  and  in  most  cases  this  can  be  done  practically. 
A  familiar  example  is  ice,  water,  and  steam.    Iron  may  be  melted 
and  gasified,  and  air  may  be  liquefied  and  solidified. 

Molecules  and  Atoms. — According  to  theories  which  T^ill  be  ex- 
plained later,  matter  is  composed  of  molecules  and  atoms.  If  a 
portion  or  mass  tif  matter  be  cUviderl  continually  a  particle  wUI 
finally  be  reached  winch  cannot  be  divided  without  destroying  the 
identity  of  the  substance,  Tliis  particle  is  called  a  molecule.  The 
molecule  itself  i^  composetl  of  smaller  particles  which  may  be  h"lce 
or  unlike,  and  these  are  called  atoms.  The  relative  weights  rif 
these  ultimate  particles  have  been  determinetl  for  the  various 
kinds  (tf  matter,  and  are  called  respective]}^  nmleculur  weufht  and 
atomic  vTj'ght. 

Size  of  Molecules.^The  molecule  k  exceedingly  small.  Its  size 
has  b(H^n  computed  by  various  physical  methorls.  For  example,  a 
study  of  tlie  colors  pniduced  by  the  interference  of  light  in  sf^ap- 
bubbles  has  shown  that  the  average  diameter  of  the  molecide  is 
less  than  half  the  wave-length  of  light.     If  5,000.000  of  them  were 
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kud  ^dti  by  side  the}^  would  umke  a  line  about  1  cm.  lung.  A  cubic 
centmieter  t*f  gas  ni  if  temperature  ftiid  uinler  a  pressure  of  700  mm. 
i»f  luercniry  contairis  about  2  X 10^^  or  twenty  million  million  million 
liujiecula**.  In  the  liquitl  and  solid  sttttes?  the  vohinie  i>  lOQ  Ui  20tK) 
timeg  smaller.  A  particle  of  dust  barely  visible  to  the  naked  eyu 
cotiUiiLs  m(ire  molecules  than  Oiere  are  petiple  on  the  eart-h.  Lord 
Kelvin  calculated  that  if  a  drop  of  water  were  magnified  t^j  the  size 
of  the  earth  the  molecules^  coTresspondinglv  enlarged,  would  be 
gniaUcr  than  ciicket  balk,  but  larger  than  small  t^hot, 

lUnstratioiis.^ — To  show  the  extreme  amallness  ol  the  nioleculo  ftisaolve 
in  water,  wiih  the  help  of  a  little  alcohol  if  necetisar}%  a  vei^^^  small  bit  of 
ttome  coloring  trial t^r,  such  as  carmifie  or  n>rtthyl  violet,  ar*«l  iUlute  to  half  a 
Et«tr.  The  color  will  he  found  diffused  throuj^hoitt  the  whole  of  the  liquid 
mtal  every  dmp  however  smidl  will  be  found  to  contaia  some  portion  of  it. 
U  the  amount  taken  was  one  centigram,  a  drop  of  the  water  will  ci>iit4Un 
lean  t^mn  one  mUlionth  of  a  gram. 

Molecular  Interspaces. — Wien  wc  speak  nf  the  size  of  the 
molecultv,  W(*  meuM  Liu;  dbt^nce  Ijctween  tlie  centenj  of  adjacent 
mcileeulea.  It  is  quite  certaiii  that  the  molecules  are  not  only  not 
in  contiiet,  but  that  there  are  comparatively  large  spaces  between 
them.     Among  the  procifs  of  this  we  may  meiitiou  the  following; 

1.  All  Folids  and  liquids  are  compressible  and  gases  are  easily 
n?ihircil  ti\  (me  !udf  or  one  third  of  their  volume  by  pressure, 

2.  liquids  dksolve  solirJs  and  solids  absorb  liquids  ^nthout 
material  change  of  volume. 

Z,  Iocreai?e  of  temperature  causes  most  substances  u*  expand, 
while  lowering  the  temjjerature  causers  them  to  contract. 

niustration&. — Close  the  val%'es  ai  the  air-pump  and  foree  the  piston 
tlowri:  the  air  is  com  pressed.  Add  slowly  fme  salt  to  a  ^►MLker  full  of 
WAtpr:  nee  how  mtich  may  be  added  before  the  water  runs  over  Place  a 
euhic  <M'(iti meter  of  water  in  a  watch-ghi;^  and  add  a  Inmp  of  exit  loaf 
mi^T\  the  water  m  at>^rbed  by  the  tiiigar.  Mis;  ten  ec.  of  water  with  ten 
isr,  of  ftlcnhnl  and  measure  the  mixture.  Fill  with  water  to  the  neck  a  ha!f- 
liu^r  flaiik  and  mark  th«  naifaee  of  the  water.  Heat  to  boiling  and  s^am 
O0t«  the  t^Uf  f  ace. 

Molecular  Motion. — Molecules  are  not  Jixetb  brut  havo  a  more 
or  k-^  free  nuition  within  tlieir  interspaces,  l^'pon  this  mtitbn 
dt*iM*nrls  a  variety  of  physical  phenomena,,  such  as  heat,  light,  and 
deetricity ;  and  also  the  physical  state  of  bodies,  vie,,  solid,  liquid, 
or  gas. 
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Number  of  Atoms  in  the  Molecule,— Tlie  nimiber  of  atoms  a 
fnolet'uJe  may  contain  b  exree<lingly  various.  Bouietinies  it  m 
only  one,  as  in  mercur)^,  sometiines  two^  as  in  many  elemental  mole- 
cules. In  compountie  the  number  may  run  even  to  himdrecls. 
In  water  there  are  three  atom.s  in  the  molecule,  in  alcohol  nine, 
in  sujt^ar  forty-five,  in  albumen  more  than  twu  hundraL 

Size  of  the  Atom-— The  atom  must  be  very  much  smaller  than 
the  molecule  because  mulepulcs  of  the  same  size  contain  Tarious 
numbers  of  atoms.  It  i^  indeed  pnjbable  that  the  i^paees  between 
tile  atomB  are  relatively  rjuite  large  and  tlmt  the  atoms  am  eoo- 
titiually  in  active  motion  within  t^e  molecule* 

Weight  of  Molecules  and  Atoms,— Knowing  the  ske  of  the  mole- 
cule, we  are  able  to  eompute  its  weight;  and  laiowing  its  weight 
and  the  number  of  aU^mA  it  contain.^,  we  can  find  the  weight  of 
the  atom*  Dealing  with  things  so  small,  the  determination  ran 
have  but  little  accuracy,  A  cubic  centimeter  of  hydrogen  weighs 
0.00009  gram.  Divide  this  by  the  number  of  molecules  it  contains, 
2X10"*,  and  we  have  45X10^^^  granLs  for  the  weight  of  one  mole- 
cule of  liydrogen,  and  one  half  of  this  is  the  weight  of  one  atom. 

Conditions-^A  substance  may  exist  under  various  conditions. 
Tliose  conditions  which  are  most  important  are  temperature,  pres- 
sure^ solution,  electric  state,  and  association  with  other  substances, 
Tlie  condition  is  not  a^sential.  It  may  be  clianged;  the  substance 
remaining  the  same. 

Properties. — By  the  term  properties  we  mean  certain  charac- 
teristics or  peculiarities  which  belong  to  substances,  We  may  dis- 
tinguish general  properties  of  matter,  such  as  extension,  density. 
Color,  weight;  and  special  properties  of  partielar  substances,  such 
as  the  yellow  color  of  sulfur,  the  bitter  taste  of  quinine^  the  cubical 
ciystalline  form  of  commnn  salt. 

Special  properties  are  essential.  They  are  in  some  way  insepa- 
rably connected  %dth  the  substance.  Sugar  could  not  be  sugar 
without  being  sweet,  and  sulfuric  acid  could  not  exist  without  being 
sour. 

Pmperties  are  not  only  qualitative,  but  they  are  quantitative 
and  subject  to  measurement*  This  measurement  affords  the  best 
means  of  distinguishing  between  substances* 

Physical  propcrtiv^  arc  those  which  relate  to  masses  and  mole- 
cules.   They  are  the  properties  with  which  we  are  most  familiar, 
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such  as  extensk-iii,  weight,  color,  hardness,  and  divisibility.  Chem- 
ical properties  depend  upon  the  nature  of  the  substance  or  the  com- 
position of  the  molecule.  They  are  such  as  tend  to  give  rise  to 
chemical  action  and  chemicnl  chanfi^e.  Combustibility,  acidity, 
alkalinity,  and  power  of  l:)leachin(r  are  cliemical  properties. 

Identification  of  Substance3. — Suostaines  are  identified  by  their 
properties.  By  substance  we  mean  a  kind  or  species  of  matter 
which,  wherever  it  exists,  will  under  similar  conditioas  exhibit  the 
same  set  of  properties.  Since  it  is  impossibTe  to  investigate  all 
properties,  we  seek  a  few  and,  findinp;  agreement  in  these,  we  infer 
that  there  is  agreement  in  all.  For  examjile,  if  I  find  two  bodies 
to  agree  in  being  yellow,  brittle,  cr^'stalline,  insoluble  in  water, 
fusible  at  a  moderate  tem.perature,  and  combustil)le,  burning  with 
a  blue  flame  and  yielding  a  gas  of  stifling  odor,  I  conckuk)  that  they 
are  of  the  same  siib.^tance,  sulfur.  This  method  of  reasoning  is 
inductive.  Its  modern  development  and  its  association  with  sys- 
tematic experimentation  is  due  to  Trancis  Bacon. 

Induction. — Inductive  reasoning  is  ])ased  upon  the  law  of  uni- 
formity in  nature,  and  this  law  is  itself  an  induction  from  imiversal 
human  experience.  As  applied  to  the  problem  of  identifying  sub- 
stances, the  law  may  be  stated  thus: 

Tr/i^7?  tuH)  substances  agree  exacihj  in  a  number  of  their  properties, 
they  unll  also  agree  in  all  their  properties. 

This  conclusion  is  not  necessary,  because  exceptions  might  exist. 
The  strength  of  the  conclusion  dejiends  upon  the  nimiber  and  im- 
portance of  the  properties  investigateil. 

Laws. — A  law  is  simply  a  statement  of  agreement  between*  facts 
of  a  certain  class,  and  is  an  induction  from  obsen^ation  and  expe- 
rience. The  law  of  gravitation,  for  example,  is  '*A11  bodies  attract 
one  another  ^\'ith  a  force  which  varies  directly  as  the  mass  and 
inversely  as  the  square  of  the  distance  l)etween  them.  *'  Every 
observation  of  an  accordant  fact  helps  to  establish  the  law  more 
firmly. 

Theories. — A  theor}-  is  an  attempt  to  explain  a  law  or  a  series  of 
facts.  The  tnith  of  a  theory-  increases  in  probability  as  the  number 
of  facts  which  it  explains  increases  and  the  number  which  it  fails  to 
explain  diminishes.  For  illustrations  the  student  is  referred  to  the 
laws  and  theories  discussed  later. 

Physics  and  Chemistry. — Physics  and  chemistry  are  very  closely 
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related  and  most  actions  which  are  called  ehetnical  have  also  physi- 
cal features*  Indeetlt  the  relationship  is  such  that  there  has  devel- 
oped a  new  intemiediate  science  called  Physical  Chemistry  There 
are,  however,  so  many  facts  and  phenomena  which  are  character- 
istically either  physical  or  chemical  that  the  separate  treatment  of 
the  two  subjects  is  amply  justified.  The  statements  or  definitions 
given  below  will  be  useful  to  the  student,  though  their  full  meaning 
\efll  not  be  apprehended  until  later, 

Phifsics  trenU  of  the  properties^  acticmBj  and  changes  of  pomtian, 
Elate,  or  condition  of  inatter  as  masses  and  mdectdm* 

Chemistry  irmls  of  specific  subston4^s,  elenientarif  and  compound^ 
and  studies  the  properties ^  actions ^  arid  conditions  which  are  esseMial 
to  the  stdhstance,  or  which  depend  upon  the  atomic  composition  of  the 
moketde. 

A  physical  dmnge  is  one  which  changes  the  state  or  condition  of 
the  Bubstance  without  changing  its  identity. 

A  chemical  change  h  one  wliich  affects  the  composition  of  the 
molecule  and  therefore  destroys  the  identity  of  the  substance-  It 
is  always  marked  by  the  disappearance  of  one  or  more  substances 
and  the  appearance  of  others. 

A  pfufsical  action  is  one  which  produces  fihysical  change,  and  a 
chemical  action  is  one  w^hich  produces  chemical  change. 

lUustTfltions, — Melt  a  piece  of  ice  and  convert  it  into  steam:  physical 
change  and  tho  three  states  of  matter.  Put  into  a  test-tube  a  gmm  of 
potaealiim  cMomte  and  heat  strong}}':  it  melts,  physical  change;  It  deeom- 
p<i8eSp  giving  oiT  a  gas,  chemical  change;  the  gas  causes  an  ignited  splinter 
to  buist  into  flame  showing  it  to  be  oxygen.  Drop  a  splinter  or  match-stick 
In  the  tube  while  hot:  a  violent  combufition  of  the  wood  in  oxygen  ensues* 
chemical  change,  and  cbemical  actioiL 


CHAPTER  II. 
DIVISIONS  OF  CHEMISTRY. 

The  subject  of  ohemistry  is  divided  for  the  sake  of  convenience 
and  scientific  treatment  into  several  parts.  The  first  natural 
division  is  into  Pure  Chemistry  and  Applied  Chemistry. 

Pure  Chemistry  treats  the  science  as  a  branch  of  pure  knowl- 
edge and  stadies  facts,  phenomena,  and  methods  without  special 
reference  to  practical  utility.  It  has  four  principal  divisions: 
Theoretical  Chemistry,  Descriptive  Chemistry,  Practical  Chemis- 
try, and  Analytical  Chemistry. 

Theoretical  Chemistry  treats  of  the  general  principles  of  the 
science  and  seeks  to  find  a  rational  explanation  of  all  chemical 
facts  and  phenomena.  This  subject  has  two  principal  divisions. 
Chemical  Statics  and  Chemical  Dynamics. 

Chemical  Statics  includes  such  subjects  as  theory  of  atoms  and 
molecules,  atomic  weight,  valence,  electric  quality,  atomic  and 
molecular  volume,  molecular  structure,  etc. 

Chemical  Dynamics  treats  of  such  subjects  as  reactions^ 
equations,  thermics,  photochemistry,  and  chemical  properties  in 
generaL 

Deacriptiye  Chemistry  gives  a  description  of  all  the  elements 
and  their  compounds  with  their  properties,  physical,  chemical, 
and  physiological.  The  description  should  include  occurrence, 
discovery,  history,  preparation,  properties,  uses,  tests,  reactions. 
The  division  of  descriptive  chemistry  into  Inorganic  and  Organic 
is  an  arbitrary  one  made  for  convenience  of  treatment. 

Practical  Chemistry  treats  of  chemical  manipulations,  opera- 
tions, and  methods.  Applied  chemistry  and  analytical  chemistry 
are  largely  practical,  and  descriptive  chemistry  involves  many 
practical  operationB.  Theoretical  chemistry  is  based  upon  the 
oilier  three  branches. 
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AnaljTtical  Chemistry  treats  of  the  methods  of  aecertaining  the 
chemical  composition  of  subetunces  und  mixtures  both  as  to  kind. 
and   quantity.     It   has  two  divisionBj    QualitatiTe  Analjsia   and^ 
Qaantitative  Analysis* 

Qualitative  Analysis  is  tJiat  branch  of  the  ficience  which  haa 
for  its  object  tlio  determination  of  the  kinds  of  elements  and  com- 
pounda  which  are  contained  in  substances  of  unknown  composition* 
It  is  based  mainly  upon  chemical  dynamics  and  involves  a  com- 
plete knowledge  of  deacriptive  chemistry.  Any  chemical  action, 
phenomenon,  or  operation  may  furnish  evidence,  hut  those  mo«t 
uaed  are  solution,  solubility,  color,  and  precipitation.  Heat  and 
light  are  helpful  agents.  The  principal  agent  in  Blowpipe 
Analysis  and  Assaying  is  heat,  and  in  Spectroscopic  ABalysis  it  ia 
light. 

Quantitative  Analysis  has  for  its  object  the  determination  of 
the  amount  of  each  element  and  compound  contained  in  any  given 
subBtance,  According  to  the  method  employed  it  ba«  fonr  divi- 
sions: Gravimetric,  Volumetric,  Colorimctric,  and  Photometric* 

Gravimetric  Analysis  is  the  process  in  which  the  quantities  are 
determined  by  actual  weighing*  The  substance  to  be  analyzed  ia 
weighed.  It  is  then  converted  by  chemical  action  into  subetancea 
of  Imown  composition.  These  are  separated  and  weighed  and  then 
by  computation  the  quantities  in  the  original  substance  are  ascer- 
tained. 

Volumetric  Analysis  ia  that  process  in  which  the  reagents  am\ 
used  in  stdutions  of  known  strength.    The  *]uantity  of  the  solution 
required  to  completely  precipitate  or  change  the  substance  to  he 
detei'mined  indicates  the  quantity  of  the  substance  present. 

Colorimetric  Analysis  determines  quantities  by  the  depth  ofl 
color  imparted  by  the  reagent  to  the  solution.  This  method  is  of] 
limited  application. 

Photometric  Analysis  ascertains  quantities  by  the  depth  of 
column  of  water  containing  a  suspended  precipitate  through  whicl 
a  flame  is  just  invisible. 

Applied  Chemistry  is  the  basis  of  a  great  number  of  practiciiT' 
arts.     Among  them  are  metallurgy,  photogTflphy,  ngriculturej  the 
manufacture  of  chemicals,    drugs,  foods,   and  drinks.     Indeed,] 
almost  every  art  and  industry  is  more  or  less  dependent  upon  th^ 
science  of  chemistry,^    Chemistry  embraces  a  larger  field  of  studj 
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and  touches  more  points  of  Iinmiin  interest  than  any  other  science, 
and  we  may  possibly  say  than  all  other  sciences  together. 

PhysiAd  Chemistry. — To  this  classification  may  be  added  the 
related  branch  called  Physical  Chemistry.  This  includes  so  much 
of  the  science  of  physics  as  is  intimately  connected  with  chemical 
operations,  actions,  and  phenomena. 

Summary  of  the  Divisions  of  Chemistry. 

A.  Pure  Chemistry. 

1.  Theoretical  Chemistry. 

rt.   Chemical  Statics. 
b.  Chemical  Dynamics. 

2.  Descriptive  Chemistr}'. 

a.  Inorganic  Chemistry. 

b.  Organic  Cliemistry. 

3.  Practical  Chemistry. 

4.  Analytical  Chemistry. 

a.  Qualitative  Analysis, 
J.  Quantitative  Analysis. 
'     1.  Gravunetric. 

2.  Volumetric. 

3.  Colorimetric. 

4.  Photometric 

B.  Applied  Chemistry. 
O.  Physical  Chemistry. 


/ 

CHAPTER  III. 
PROPERTIES  RELATING  TO  MASSES.— MOLAR  PHYSICS 

Extension. — Since  matter  occupies  space  it  has  extension  and 
may  be  measured.  The  extent  of  a  body  in  one  direction  is  called 
length;  in  two  dimensions,  surface;  and  in  three  dimensions,  volume. 
The  unit  of  length  is  the  meter^  the  unit  of  surface  is  the  square 
meter,  and  the  unit  of  volume  is  the  cubic  meter.  For  conven- 
ience a  smaller  unit  of  volume,  the  liter  or  cubic  decimeter,  is  in 
general  use. 

There  is  no  natural  unit  of  extension.  Various  arbitrary  units 
have  been  chosen.  Of  these  the  most  important  are  the  yard, 
which  is  the  basis  of  the  English  system,  and  the  meter,  which  is 
the  basis  of  the  French  system.  The  metric  system  has  the 
advantage  of  being  decimal  and  is  generally  used  in  scientific 
operations. 

The  meter  is  the  one  ten-millionth  part  of  a  quadrant  of  the 
earth's  circumference,  and  was  determined  under  the  direction  of 
the  French  government  by  the  actual  measurement  of  an  arc  of  a 
meridian  passing  through  France.  It  is  equal  to  39.3704  inches, 
or  a  little  more  than  a  yard.  The  standard  meter  is  a  platinum 
rod  in  the  French  archives  at  Paris.  Official  copies  of  it  are  kept 
in  various  parts  of  the  world. 

The  meter  is  divided  into  ten,  one  hundred,  and  one  thousand 
parts  called  respectively  decimeter,  centimeter,  and  millimeter. 
The  multiples  of  the  meter  are  the  dekameter^  hectometer,  and 
kilometer.     The  kilometer  is  0.62  of  a  mile. 

The  units  most  used  in  chemical  operations  are  the  centimeter 
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and  the  millimeter  and  their  squares,  the  liter,  and  the  cubic 
centimeter. 

Illustration. — The  decimeter  is  about  four  inches;  a  centimeter  is  about    • 
two  fifths  of  an  inch;  au  inch  is  about  two  and  a  half  centimeters ;  a  liter 
is  about  a  quart;  a  pint  is  about  half  a  liter  or  500  centimeters. 
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Fig.  1.— Scales  op  Centimeters  and  Inches. 

Measurements. — Lengths  are  ascertained  by  the  use  of  niler, 
tape-line,  or  chain.  When  the  measure  cannot  be  applied  to  the 
object,  the  length  is  taken  with  calipers  or  dividers  and  these 
applied  to  the  measure.  Areas  arc  found  in  the  same  way,  the 
dimensions  being  taken  and  the  areas  computed. 

The  volumes  of  regular  solids  are  obtained  by  measure  and  cal- 
culation. If  the  solid  is  irregular,  it  is  immersed  in  water  and  the 
amount  of  water  displaced  measured.  If  the  specific  gravity  of 
the  body  is  known,  its  volume  may  be  found  by  weighing  it  and 
dividing  its  weight  in  grams  by  its  specific  gravity.  The  quotient 
will  be  the  volume  in  cubic  centimeters. 

Liquids  are  meiisured  in  graduated  vessels.  Those  most  used 
are  flasks,  cylinders,  graduates,  pipettes,  and  burettes.  The 
readings  are  taken  at  the  lower  surface  of  the  meniscus.  All 
liquid  measures  are  somewhat  inaccurate  because  the  volume  of  a 
liquid  changes  with  its  temperature.  The  capacity  of  the  measur- 
ing vessel  is  also  changeable.  Where  great  precision  is  required 
liquids  should  be  weighed  instead  of  measured. 

Remark.— Ix>t  the  student  use  a  meter  measure  and  graduated  vessels 
until  he  is  familiar  with  the  common  units  and  can  estimate  at  sight 
lengths,  areas,  and  volumes  with  considerable  accuracy. 

Weight, — The  weight  of  a  body  is  the  measure  of  the  intensity 
of  the  earth's  attraction  for  it.  This  varies  on  different  i)ortions 
of  the  earth's  surface,  being  sliglitly  greater  at  the  poles  than  at 
the  equator,  and  less  on  mountains  than  at  the  sea-level.  In  most 
operations  this  difference  may  be  neglected. 
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The  unit  of  weight  is  the  gram*  This  is  the  weight  of  one 
cubic  centimeter  of  water  at  the  temperature  of  4''  C*  This  is  thu 
temperature  at  which  water  has  the  greatest  density,  A  gram  is 
equal  to  15.43  gniius.  Its  decimal  multiples  are  called  dekagram* 
Iiektogram,  and  kilogram.  It  is  divided  into  decigram,  centigram^ 
and  milligram.     A  kilogram  is  equal  to  2.2046  pounds. 

Weight  is  determinod  by  means  of  scales  and  balancea. 

UlustTAtioiis.— A  pound  m  iibotit  500  gmms;  a  kilogram  is  about  two 
pouudB;  an  ounce  m  28  grams;  a  gram  ii$  15  2^ rains;  a  tiickc)  fivo-cent  piece 
weighs  five  gniuis;  a  slEver  dollar  weighB  26. 7  grams;  a  $S0  gold  piece 
weighs  33,4  grams. 

Scales. ^Sealea  are  of  two  kinds.  In  the  first  kind  the  weight 
is  iudieated  by  the  amount  of  extension  produced  in  a  spiral 
spring.  Within  certain  limits  sudi  scales  have  a  considerable 
degree  of  accuracy.  They  are  Yery  liable  to  permanent  changes 
and  the  zero-point  must  be  frequently  adjusted. 

The  other  kind  of  ecalea  is  essentially  a  lever  of  unequal  arma 
with  movable  weights.  The  object  to  be  weighed  is  supported  on 
tlie  short.er  arm»  while  the  weights  move  on  the  longer  arm.  Such 
sctales  do  not  possess  a  high  degree  of  accuracy,  but  they  are  com- 
monly used  becauBa  of  their  convenience  and  the  rapidity  with 
which  the  weighing  can  be  done.  Their  chief  advantage  lies  in 
the  fjict  that  tJie  weight  of  heavy  bodies  may  be  ascertained  by  the 
use  of  small  weights. 

The  Balance* — The  balance  is  the  most  accurate  instrument 
for  determining  weight.     It  is  a  lever  of  equal  arms,  supported  on 

a  pivot,  and  the  object  to  be 
weighed  is  balanced  on  one  arm 
against  standard  weights  on  tlie 
other.  Its  sensitiveness  is  only 
limited  by  friction  and  certain 
other  disturbing  conditions,  such 
as  changes  of  temperature,  cur* 
rents  of  air,  etc.  For  rough  weigh- 
i?ig  a  common  balance  with  weights  irom  one  gram  to  1000  grams 
is  UB^d.  For  chemical  purposes  a  much  more  delicate  instrument 
is  needed,  one  which  weighs  to  the  ten-thousandth  or  even  the 
hundred -thousandth  of  a  gram* 

Mass.— Mass  is  the  quantity  of  matter  wkicli  a  body  contains. 
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Fig*  2.— Labokatory  Bai^ance. 
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The  "weight  of  a  body  varies  with  its  location  and  the  surrounding 
conditions;  its  mass  is  invariable.  The  variation  of  the  weight 
on  the  earth's  surface  is  so  small  that  weight  may  be  taken  as  the 
measure  of  mass.  Weights  may  therefore  be  regarded  as  standard 
masses.  All  mass  determinations  are  relative.  When  we  say  that 
a  bo<ly  weighs  5  grams  we  simply  mean  that  the  mass  of  the  body 
is  five  times  that  of  the  gram  weight. 

Density  and  Eztensity. — Density  means  the  quantity  of  matter 
contained  in  a  unit  of  volume.  It  is  therefore  equal  to  the  mass 
divided  by  the  volume.  Extensity  is  the  volume  of  a  unit  quan- 
tity of  matter.  It  is  equal  to  the  volume  divided  by  the  mass  and 
is  the  reciprocal  of  density. 

Illustrations. — A  cubic  centimeter  of  water  at  4°  C.  weighs  one  gram. 
The  density  of  water  is  therefore  one  gram  per  cubic  centimeter.  A  cubic 
centimeter  of  iron  weighs  7.7  grams;  its  density  is  7.7  grams  per  cc.  So  also 
the  volume  of  one  gram  of  iron  is  equal  to  1  4-7.7=  0.13  cc. 

Relative  Density. — In  stating  densities  it  is  convenient  to  have 
some  standard  substance  to  which  all  other  bodies  may  be  referred. 
The  density  of  a  substance  in  tenns  of  the  standard  is  called  its 
relative  density.  Relative  density  is  the  quotient  obtaine<l  by 
dividing  the  mass  of  the  body  by  the  mass  of  the  same  volume  of 
the  standard.  It  is  simply  the  number  of  times  heavier  or  lighter 
the  substance  is  than  the  standard  if  we  take  weight  to  be  the 
measure  of  mass.  The  standard  of  density  is  water  for  solids  and 
liquids,  and  air  or  hydrogen  for  gases.  When  density  is  referred 
to  water  or  air,  it  is  called  specific  gravity;  when  it  is  referred  to 
hydrogen,  it  is  called  vapor  density,  or  better  gas  density.  The  vol- 
imie  in  cubic  centimeters  occupied  by  a  gram  of  a  substance  is 
called  its  specific  volume. 

Specific-gravity  Determinations. — ^The  specific  gravity  of  a 
solid  or  a  liquid  is  its  relative  density  compared  with  pure  water 
at  4°  C.  It  is  obtained  by  dividing  the  weight  of  a  certain  volume 
of  the  substance  by  the  weight  of  the  same  volume  of  water. 
There  are  various  methods,  of  which  those  given  below  are  the 
principal  ones.  In  every  case  two  things  are  to  be  found,  the 
volume  and  the  weight.  If  we  take  the  volume  in  cubic  centi- 
meters, then,  since  a  cubic  centimeter  of  water  weighs  one  gram, 

Weight  in  grams  .,      -n    ,, 

:rrr-y '^ T^— ^ — T- — I —  =  Specific  Gravity. 

Volume  m  cubic  centimejers      ^  "^ 

The  methods  are  direct  or  indirect. 
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Direct  lletbods* — Foe  Solids. — If  the  solid  is  regular,  its 
Yolume  is  obtained  by  direct  measuremtmt;  if  it  is  irregular,  it  is 
inunersed  in  water  and  the  displaced  water  measured  or  weighed* 
If  the  body  is  soluble  iu  water,  a  liquid  m  used  in  which  it  is 
insoluble  and  whose  specific  gravity  la  knowu* 

For  LlQUJiis.~The  liquid  is  weighed  iu  a  graduated  vessel 
containing  a  fixed  quantity ;  or  it  is  weighed  in  a  vessel  and  then 
the  capacity  of  tho  vessel  aseertaiued  by  measuring  or  weighing 
the  distilled  water  required  to  fill  it, 

niiistrations,— 1,  Tfie  mlttme  flxed^—Tlm  little  vessel  called  the  pyk- 
tmmetcr  or  .^pedfic-gravifi/  hotik  is  a  smaU  bottle  with  a  capillary  perfora- 
tion throtigh  tbestoppen  It  'm  made  of  such  size  as  to  oontaiu  a  given 
quantity  of  distilled  water,  say  25,  50,  or  100  gramd*  Coauterpoise  the  dry  i 
bciltleoii  the  balance  with  weighty,  shot,  or  satid.  Fill  with  the  liquid  £^4 
that  the  surface  stands  in  the  capillary  at  the  mai'k  on  the  stopper,  wipo 
dry  and  weigh.  Tliis  weight  divided  by  the  eapacity  of  ibe  bottle  is  tha 
spacific  gravity. 

2.  Tlu  volume  to  be  found. — Counterpoise  a  small  flask ^  fill  to  a  mark 
with  the  liquid  and  weigh.  Empty  the  flask%  fill  it  with  water  and  weigh 
again.  Divide  the  first  weight  by  the  second  for  the  sfiecific  gravity.  The 
volame  may  also  be  fouud  by  pouring  the  liquiij  after  it  is  weighed  into  a 
graduated  vessel,  but  mea^uretoent  h  not  so  aceurat©  as  weightp 

Indirect  Methods. — There  are  three  indirect  methoda  of  deter- 
mining speeiiif  gravity,  two  of  them  applicable  to  solids  and  the 
other  to  liquids. 

Foil  So  LI  us,  ^L  The  firet  method  consists  in  weighing  the 
body  in  air  and  then  in  water.  The  loss  in  weight  is  the  weight 
of  the  water  dieplaeed,  or  the  weight  of  a  volume  of  water  equal 
to  the  volume  of  the  body.  The  quotient  obtained  by  dividiDg 
the  weight  of  the  body  by  this  loss  in  weight  is  the  sp,  gr, 

niuatrations^— Suspeud  the  body  by  a  fine  thread  to  one  arm  of  a  bal- 
antse  and  weigh.  Bring  a  vesstjl  of  water  under  the  body  m  that  it  is  im^ 
mersed  and  weigh  again.  Subtraet  the  second  weight  from  the  first  and 
divide  the  first  weight  by  thecemajuder  i  the  qnotiei^t  is  the  sp.  gr. 

!^.  In  the  eecond  method  the  pyknometer  is  used,  and  it  might 
he  called  direct  rather  than  indirect*     It  m  especially  adapted  to 
bodies  iu  a  finely  divided  state,  in  powder  or  crystals.     Counter- 
poise the  bottle,  add  a  weighed  quantity  of  the  substance,  fill  toij 
the  mark  with  water  and  weigh.     This  weight  will  be  eqnal  to  the! 
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weight  of  the  substance  phis  the  capacity  of  the  bottle  minus  the 
weight  of  a  volume  of  water  equal  to  that  of  the  substance. 

For  Liquids. — Hydrometers.  The  instrument  lised  in  the 
indirect  determination  of  the  specific  gravity  of  liquids  is  called 
the  hydroyneter  or  densimeter.  It  consists  of  a  cylindrical  body 
loaded  below  with  mercury  or  shot  and  terminating  above  in  a 
slender  stem.  The  stem  is  empirically  graduated  to  show  the 
specific  gravity.  The  hydrometer  floats  with  the  stem  upright,  and 
the  reading  is  taken  just  below  the  surface  of  the  liquid. 

Some  hydrometers  are  so  graduated  as  to  give  the  specific 
granty  directly,  while  others  require  calculation  or  the  use  of  a 
table.  The  former  are  greatly  to  be  preferred  and  are  now  gen- 
erally used.  Of  the  latter  the  most  common  are  those  of  Twaddle 
and  of  Beaume. 

The  reading  of  the  Twaddle  hydrometer  is  multiplied  by  5,  the 
product   regarded  as  thousandths  and  the  unit   prefixed.     For* 
example,  if  the  reading  is  22  the  sp.  gr.   is  1.120.     With  the 
Beaume  hydrometer  the  sp.  gr.  is  taken  from  a  specially  prepared 
table. 

Hydrometers  are  also  made  to  be  used  with  particular  liquids 
or  solutions.  Such  instruments  usually  indicate  per  cent.  They 
are  made  for  milk,  alcohol,  acids,  alkalis,  coal-oil,  etc. 

Temperature  Corrections. — In  all  nice  specific-gravity  deter- 
minations regard  must  be  had  to  the  temperature,  because  the 
specific  gravity  changes  with  the  temperature.  Pyknometers  and 
hydrometers  are  usually  graduated  for  use  at  a  certain  temperature, 
and  wh^n  so  used  no  correction  is  necessary.  These  instruments 
frequently  have  thermometers  attached. 

Gas  Density. — Gas  Detisify  or  Vapor  Density  is  the  weight  of 
a  gas  or  vapor  as  compared  with  pure,  dry  air,  or  pure,  dry 
hydrogen.  Since  changes  of  temperature  and  pressure  greatly 
affect  the  volume  of  gases,  it  is  always  necessary  to  make  correc- 
tions for  these.  For  the  sake  of  uniformity  reductions  are  made 
to  0°  C.  temperature  and  760  mm.  pressure,  these  being  what  are 
called  standard  conditions. 

Gas  density  is  obtained  by  dividing  the  weight  of  a  given 
volume  of  the  gas  by  the  weight  of  the  same  volume  of  air  or 
hydrogen.  The  density  referred  to  air  is  commonly  called  specific 
gravity.     The  comparison  with  hydrogen  is  more  convenient  for 
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chemical  purposes.     As  usetl  in  this  \rork  gas  density  wiU  always 
mean  referenre  to  hydrogen,  its  deasity  being  L 

The  weight  of  a  liter  of  hydrogen  under  standard  conditions  is 
0.0S995  gram;   that  of  a  liter  of  air  m  1;2932  grams.    The  specific 

gravity  then  of  hydrogen  is  -'-^-^^  =0.0696,    The  gas  density  of 


air  1:3 


^^^14.38. 


1.29S2 
These  then  are  easily  interconvertible. 


of 


1.2932^ 
0708995 

Specific  gratnty  eqwalg  gas  denmhj  multiplied  by  0JQB9B. 

Ga&  density  equals  .specific  grnrthf  mtdUplied  %  /^.55. 

Density  h  RjfiietimeK  referrt'd  to  ox^^gen  as  a  standard.     A  liter 

oxygen  under  standard  conditinns  ^veighs  1.429  grams*  Its 
specific  gravity  is  1.105.     Its  gas  density  is  16, 

Determinatioii  of  Gas  Density.^Only  an  outline  of  the  method 
of  determining  gas  density  can  he  given  here*  For  the  details  the 
student  ia  referred  to  works  on  Physical  Chemistry,  Two  caaes 
arise. 

L  71te  sithsiatice  is  a  gas  at  the  ordinary  temperature-  In  this 
case  a  glasa  globe  holding  about  500  cc,  whose  vol n me  and  weight 
are  known,  is  tillod  with  the  gas  and  weighed.  It  is  then  filled 
with  the  standard  and  weighed,  the  conditions  remaining  the 
same.  The  weight  of  the  globe  ia  snbtraeted  and  proper  reduc- 
tions made  and  then  the  specific  gravity  obtained  by  dividing  the 
first  weight  by  the  second. 

2*  The  substance  is  u  liquid  or  soHfL  In  this  case  the  deter- 
mination must  be  made  at  a  temperature  above  the  boiling-point 
of  the  substance,  and  corrections  must  be  made  for  temperature 
and  pressure.     The  general  formula  for  these  corrections  is 

273 

[I  +  273 
in  which  v^  —  the  volume  of  the  gas  used; 

i  =  the  temperature  of  the  gas  when  weighed; 
A  «  the  height  of  the  barometer  at  the  time  ol  the 
experiment. 
There  are  two  methods: 

a.  A  given  volume  of  the  vapor  m  weighed.  Into  a  globe  whose  capacity 
is  known  is  hitroduce^l  <>iiaiijrli  of  the  siibstaucie  to  more  than  fill  it  when 
conFerted  into  vapoiv  The  glol>e  is  iniraersed  in  a  bath  whose  temperature 
ia  above  the  boiling  point  of  the  snbatance.    As  the  vapor  is  formed  the 
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air  is  expelled,  and  when  the  whole  of  the  substance  is  vaporized  the  globe 
is  sealed  or  closed  with  a  stopcock,  and  the  temperature  of  the  bath  and 
the  reading  of  the  barometer  taken.  The  globe  is  allowed  to  cool  and 
then  weigbed.  This  weight  is  equal  to  the  weight  of  the  globe  ig)  plus  the 
weight  of  the  vapor  that  fills  it  («)  minus  the  weight  of  the 
volume  of  air  displaced  by  the  globe  (a).  We  have  then 
the  equation  t/;  =  y  +  *  —  a.  Transposing  we  have  8  = 
w  —  g  •{•  a.  This  weight  divided  by  the  weight  of  the 
volume  of  hydrogen  required  to  fill  the  globe  is  the  density. 
This  is  the  method  of  Dumas. 

6.  The  volume  occupied  by  a  given  weight  is  measured. 
A  small  bottle  containing  a  weighed  quantity  of  the  sub- 
stance is  introduced  into  a  graduated  barometer- tube  filled 
with  mercury  and  surrounded  by  a  temperature- bath.  The 
vapor  as  it  is  formed  escapes  from  the  bottle  and  displaces 
the  mercury.  When  the  vaporization  is  complete  the  mer- 
cury is  brought  to  the  same  level  without  and  within  the 
tube  and  the  volume  read.  The  temperature  cind  pressure 
are  also  noted.  The  volume  is  corrected  to  standard  condi- 
tions and  the  density  obtained  in  the  usual  way.  This  is 
the  method  of  Gay-Lussac  as  improved  by  Hofmann. 

In  the  method  of  Victor  Meyer  the  vapor  is  generated  in 
a  tube  containing  air  and  the  displaced  air  is  collected  in 
a  graduated  tube  over  wat^r  and  the  volume  measured. 
The  liquid  5,  whose  boiling-point  must  be  above  that  of 
the  substance  under  investigation,  is  boiled  until  the  tem- 
perature is  uniform  in  the  tube  A.    About  0.1  gram  of 
the  substance  enclosed  in  a  little  bottle  is  dropped  into  the  bulb  C  and 
the  opening  at  Z>  quickly  and  firmly  closed  with  a  cork.     As  the  vapor 
forms,  air  to  an  equal  amount  is  expelled  through  E  into  the  graduated 
tube  F,  which  is  filled  with  water  and  inverted  over  the  basin  0. 

Example.— 0.12  gram  alcohol  yielded  62.6  cc.  vapor  at  17*  and  750  mm. 

Reduced  to  0'  and  760  mm.  this  equals  62.6  x  Z      x  -^  =  58.2cc.    0.12 

icram  hydrogen  equals  1889  cc.,  which  divided  by  58.2  gives  23,  the  gas 
density  of  alcohol. 


Fig.  8. 


CHAPTER  IV. 

PROPERTIES  RELATING  TO  MOLECULES—MOLECULAR 
PHTSIC3. 


HEAT. 

Befimtion  of  Heat<^Heat  phenomena  are  snpposed  to  be  due 
to  moleculur  motiotis  or  \ibratioiis.  Eacli  moleculQ  oscillates  and 
rotates  within  its  space.  The  intensity  or  energy  of  this  motion 
determines  tlie  temperature  of  the  body.  We  distinguish  mUnniy 
of  heat  and  qnmUUy  of  boat. 

Intensity  of  Heat  or  Temperature, — The  tempexatnTe  of  a  body 
or  its  intensity  of  heat  depends  upon  its  average  moieeular  mmrgy* 
It  mu^t  be  carefully  distinguished  from  quantity  of  heat,  which  is 
the  total  or  aggregate  molecular  energy,  Tem- 
penitnre  is  measured  by  an  instrument  called  the 
thermometer^  and  is  ex]iressed  in  degrees  based 
npon  an  arbitrary  standard.  The  action  depends 
upon  the  expansion  and  con  traction  of  some  par- 
ticular substance  under  changes  of  temperature. 
Mercury,  platinum,  air,  hydrogen,  and  other  Bub- 
stancofi  are  used*  Mercury  is  the  most  suitable  for 
ordinary  purposes  and  is  the  one  in  common  use. 

The  Thermometer,— The  thermometer  consists 

of  a  bulb  and  stem  nnide  of  gkee  and  partly  filled 

with  mercur}\     As  the  mercury  expands  and  con* 

tracts  the   column   rises   and  falls   in  the  stem. 

,  The  instrument  is  graduated  by  immersing  it  in 

11  il  steam  and  then  in  melting  ice  and  marking  the 
I  1)  respective  points  at  which  the  column  of  mereujy 
stands.  The  distance  between  these  points  is 
divided  into  one  hundred  etjual  parts,  the  lower 
point  being  marked  0""  and  the  upper  one  100^ 
The  graduation  is  then  extended  up  and  down  as  far  as  desirable. 
This  is  the  Centigrade  theriiiometen     In  the  Fahrenheit  ther- 
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mometer  the  freezing-point  is  marked  32°  and  the  boiling-point 
212°.  The  zero  is  then  32°  below  freezing.  In  the  Reaumur 
thermometer  the  boiling-point  is  marked  80°.  It  is  not  much 
used.     Degrees  below  zero  are  written  with  the  minus  sign. 

Conversion  of  Thermometric  Readings, — Since  100°  G.  is  equal 
to  180°  F.,  1°  C.  is  equal  to  9/5  of  1°  F.,  and  1°  F.  is  equal  to  5/9 
of  1°  C.  Remembering  that  the  zero  is  at  32°  F.,  the  following 
formulas  for  reduction  will  be  understood : 

C  =  5/9(F  -  32);  F  =  9/5C  +  32. 

The  Air-thermometer. — Under  a  constant  pressure  air  expands 
and  contracts  with  great  uniformity  when  subjected  to  changes  of 
temperature.  The  air-thermometer,  though  clumsy  in  form,  is 
the  best  standard  of  reference,  and  is  used  in  standardizing  or  test- 
ing the  mercurial  thermometers. 

Extreme  Temperatures. — Very  high  and  very  low  temperatures 
cannot  be  determined  with  ordinary  thermometers.  Instruments 
are  used  in  such  determinations  whose  action  depends  upon 
various  physical  properties,  such  as  the  expansion  of  metals,  the 
relative  expansion  of  two  metals,  the  change  of  electric  resistance, 
etc.,  due  to  changes  of  temperature. 

Absolute  Temperature. — A  gas  such  as  air  at  constant  pressure 
changes  the  ^+7  P^^  ^^  i^  volume  at  0°  for  every  degree  of 
change  in  temperature.  If  its  temperature  be  raised  from  O"'  to 
273°,  its  volume  will  be  doubled.  If  a  gas  could  have  its  tempera- 
ture reduced  to  —  273°  C,  its  volume  would  theoretically  become 
zero.  Practically  it  becomes  a  liquid  before  this  temperature  is 
reached  and  the  rate  of  volume  change  is  altered. 

If  now  a  scale  be  arranged  with  its  zero  at  —  273°,  the  volume 
of  a  gas  will  vary  directly  as  its  temperature  on  this  scale.  This 
is  called  absolute  zero  and  readings  of  this  scale  are  called  absolute 
temperature.  Absolute  temperature  is  obtained  by  adding  273°  to 
the  ordinary  centigrade  readings. 

Quantity  of  Heat. — The  quantity  of  heat  in  a  body  is  its 
aggregate  or  total  molecular  energy.  If  flames  of  equal  intensity 
be  used  in  heating  equal  quantities  of  different  substances,  the 
temperatures  will  rise  with  different  degrees  of  rapidity.  The 
temperature  of  iron  will  rise  nearly  nine  times  and  that  of  mercury 
about  thirty  times  as  rapidly  as  that  of  water.     Quantity  of  heat, 
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therefore,  depends  not  only  npon  the  temperature,  but  upon  the 
Dftturo  of  the  substance  iteeli* 

Heat-unit, — The  lioat-uuit,  or  Calorie^  is  the  qnaiatity  of  heat 
required  to  rabe-  one  kilogram  of  water  from  4°  to  5"*  C,  or 
through  l"".  The  gram-calorUf  or  simply  calorie^  is  the  quantity 
required  to  raise  one  gram  of  water  from  4"^  to  5°  0. 

Heat  Capacity.— Specific  Heat, — The  quantity  of  heat  required 
to  raise  the  temperature  of  a  body  through  1°  is  called  its  hmii 
mpttciifj.  The  number  of  Calories  required  to  raise  the  temi»era- 
ture  of  one  kilogram  of  the  substauce  from  4^  to  5^  C,  is  ealknl  its 
specific  hmt^  fispecifie  heat  is  therefore  the  heat  eapaeity  of  a  anb- 
stauoe  as  compared  with  water.  Water  has  a  gteiiter  heat  capacity, 
that  is,  he-ats  more  ©lowly,  than  any  other  solid  or  liquid  subatiinee. 
It  is  therefore  a  suitable  standard  and  its  specific  heat  is  1.  All 
other  specific  heats  will  be  fractions. 

The  total  quantity  of  heat  in  a  body  indieat-units  ie  eqtuU  to 
the  continued  product  of  its  mass,  its  specific  heat,  and  its  absolute 
temperature. 

The  great  difference  in  heat  capneity  is  illustrated  in  the  fol- 
lowing table.  In  the  first  eolumn  is  given  the  temperature  through 
which  a  kilognim  of  the  substauce  would  be  mised  by  the  quantity 
of  heat  required  to  raise  a  kilogram  of  water  through  1^  In  the 
second  column  are  the  specific  heats,  which  are  the  reciprocals  of 
the  numbers  in  the  first  colnnm* 

Water. V  1.000      .      Irou.., 8.8*  0J13 

Sulfur L^"        0.203      |      Silver. ..  ,..17. 5=^  0.05T 

Glass. ...... 5,6'        0. ITT      I      Mercury.. . . 30.0"  0.083 

Change  of  Specific  Heat*— The  specific  heat  raries  slightly  with 
the  temperature  and  greatly  w^itli  the  physical  state*  The  specific 
heat  of  a  liquid  increases  with  the  temperature.  That  of  water 
at  80"^  is  1,0081*.  Substances  in  liquid  state  have  higher  specific 
heats  than  in  solid  or  gaseous  state.  The  specific  heat  of  ice  m 
0.504,  and  that  of  steam  is  0.480. 

Atomic  Heat. — It  was  found  by  Dulong  and  Petit  as  early  bb 
the  year  181!}  that  the  specific  heata  of  the  solid  elements  wera 
approximately  inversely  proportional  to  their  atomic  weights;  or 
that  quantities  of  the  elements  taken  in  proportion  to  their  alomio 
weights  had  equal  capacities  for  heat;  or  that  the  atomic  heat 
capacity  of  all  the  elements  in  the  solid  state  is  the  same.     This 
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constant  quantity  which  may  be  obtained  by  multiplying  the 
specific  heat  by  the  atomic  weight  is  called  atomic  heat.  It  is 
about  6.4.  To  this  law,  caUed  the  law  of  Dulong  and  Petit, 
there  are  some  exceptions,  chiefly  among  the  non-metallic  ele- 
ments. 

The  following  table  illustrates  the  law  and  the  exceptions: 

Element.  Specific  Heat.    Atomic  Weight.    Atomic  Heat. 

Lithium 0.94  7  6.6 

Potassiam 0.166  89  6.5 

Calcium 0.170  40  6.8 

Gold 0.082  196  6.2 

Gluciuum 0.41  9  8^7 

Carbon  (diamond) 0.147  12  1.7 

The  exceptional  elements  follow  the  law  more  nearly  at  high 
temperatures.  The  specific  heat  of  diamond  at  900"^  is  about  0.46, 
which  would  give  an  atomic  heat  of  5.5.  So  also  glucinum  at 
500°  has  a  specific  heat  of  0.62,  corresponding  to  an  atomic  heat 
of  5.6. 

Molecular  Heat. — Molecular  heat  is  obtained  by  multiplying 
the  specific  heat  of  a  compound  by  its  molecillar  weight.  It  is 
approximately  equal  to  the  sum  of  the  atomic  heats,  and  divided 
by  the  number  of  atoms  in  the  molecule  should  give  the  atomic 
heat  constant  6.4. 

Atomic  Heat  from  Molecular  Heat. — The  atomic  heat  of  the 
gaseous  elements  may  be  determined  indirectly  from  the  molecular 
heat  of  their  compounds.  The  specific  heat  of  silver  chloride  is 
0.089,  its  molecular  weight  is  143.5.  Its  molecular  heat  is  there- 
fore 0.089  X  143.5  =  12.77.  The  atomic  heat  of  silver  is  6.1. 
Tte  atomic  heat  of  solid  chlorin  is  then  12.77  —  6.1  =  6.6. 

Specific  Heat  Determinations. — There  are  three  principal 
methods  of  determining  specific  heat:  (1)  the  method  of  the  ice 
calorimeter,  (2)  the  method  of  mixtures,  (3)  the  time  method.  In 
the  first  two  methods  the  computation  is  based  upon  the  principle 
that  the  change  of  heat  quantity  is  equal  to  the  continued  product 
of  the  mass,  the  temperature  change,  and  the  specific  heat.  Thus,  if 
20  grams  of  water  are  raised  from  10°  to  20°,  the  change  of  heat 
quantity  is,  since  the  specific  heat  of  water  is  1,  20X10X1  =  200 
calories.     To  raise  the  same  amount  of  gold  through  10°  would  re- 
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quire,  since  the  specific  heat  of  gold  is  0.032,  20x10X0.032-6.4 
caltjries.  In  the  third  method  it  is  assumed  that  the  times  required 
for  Gf|ual  weiglit  of  two  bodie>s  to  c<k>1  through  a  given  number  of 
degrees  are  proportional  to  their  specific  heats- 

Examples. — Firai  MHhod.  150  grains  of  nickel  at  BOO^  melted  103  gramB 
of  ice  at  0^.  The  heat  of  fusion  of  ice  is  79.25  cidories.  If  x  represem^  the 
Bpeclfic  heat  of  nickel,  we  have  1.5<)x5<X»Xi'— ia3X79.25t  or  j^-OJOa 

Second  Method.  KMI  granis  of  lead,  after  having  i>een  suspended  in  l*oil' 
ing  water  for  ten  minutes,  wen?  quickly  imnier&cd  iu  100  grttuis  of  water  at 
0*  when  the  temperature  roJ^e  to  3.3  ^  The  water  had  gained  HX>X^i.3xl 
calcines  and  the  lead  had  lost  100X96.7Xjr  calorits,  s  being  the  specific  heat 
of  the  le«^.     We  have  then  100 X 96.7 X a:=  100 x 3.3  X  1 ,  or  /=  0  1)34. 

TkirdMdhod.  1,3  kilograms  of  turpentine  cooled  from  25**  to  5°  in  22,15 
minutes,  wliile  the  same  amount  of  water  eooled  through  the  same  number 
of  degrees  in  52  minutes>  We  have  therefore,  52:22.15:  :1  :j^  or  ^^0.420, 
the  apeciiic  heat  of  turpentine. 


LIGHT. 


Definition  of  Light. — Light  is  supposed  to  be  due  to  \^bratioiis 
in  ether.  Ether  is  the  highly  elastic  hypothetical  fluid  ivhich  fills 
iiiterBtellar  space  and  penetrates  between  the  nitdecules  and 
atoms  of  all  material  borlies.  Light  is  transmit  te<l  thn>ugh  ether 
in  the  form  of  wave^  with  a  velocity  of  about  186.000  niil^  a 
second.  Heat  is  also  transmitted  through  ether^  but  ^heat  as 
sueh  is  more  properly  due  to  molecular  motion  in  material 
bodies. 

The  light  phenomena  which  most  concern  chemists  are  (1) 
chemical  efTect,  (2)  refraction,  (3)  color,  (4)  the  spectrum,  and 
(5)  polarization. 

The  chemical  effects  of  light  will  be  fully  treated  in  photochem- 
istr>'. 

Refraction  of  Light. — When  a  ray  of  light  passes  from  one 
medium  to  another  of  riiffcrent  density,  it  is  refracterl  or  bent 
from  its  course.  If  the  second  medium  is  denser  than  the  first,  the 
ray  is  bent  towanl  the  perpendicular  to  the  plane  joining  the  two 
merlia;  if  the  second  Ls  the  rarer,  the  ray  is  bent  away  from  suck 
perf>endicular.  The  refraction  varies  as  the  sine  of  the  angle 
which  the  incident  ray  makes  with  the  perpendicular.    The  index 
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of  refraction  is  the  quotient  arising  from  dividing  the  sine  of  the 
angle  of  incidence  by  the  sine  of  the  angle  of  refraction.  All 
transparent  bodies,  solid,  liquid,  and  gas,  have  their  special  refrac- 
tive indices,  and  this  constitutes  one  of  the  important  physical 
properties  of  chemical  compounds.  The  mean  indices  of  refrac- 
tion of  a  few  substances  are  as  follows:  Diamond,  2.5;  Alcohol, 
1.37;  Flint  glass,  1.61;  Water,  1.33. 

Color. — White  light  is  a  mixture  of  rays  of  different  wave- 
length. When  this  mixture  of  rays  falls  upon  the  retina  of  the 
eye  it  produces  the  sensation  of  whiteness,  or  simply  lightness. 
If  these  rays  are  separated  and  allowed  to  fall  upon  the  retina, 
they  produce  those  various  sensations  which  wo  call  colors.  Color 
is  due  to  the  absorption  of  certain  of  the  light-rays  and  the  reflec- 
tion of  others.  A  red  object  reflects  the  red  rays  and  absorbs  the 
others,  while  a  blue  or  green  object  reflects  only  blue  or  green 
rays. 

The  Spectrum. — In  passing  through  a  prism  the  rays  of  light 
of  different  wave-lengths  undergo  different  degrees  of  refraction. 
A  beam  of  light  thus  spread  out  is  called  the  spectrum.  The  red 
light  is  refracted  least  and  the  violet  light  most.  *  Beyond  the  red 
and  the  violet  are  other  rays  which  are  colorless  and  invisible. 
These  are  called  the  ultra-red  and  ultra-violet  rays.  The  former 
are  heat-rays  and  the  latter,  having  a  powerful  chemical  effect,  are 
called  cJiemical  or  actinic  rays. 

The  band  of  varying  color  produced  by  white  light  is  called 
the  continuous  spectrum.  If  a  ray  of  colored  light  be  passed 
through  a  prism,  the  spectrum  is  not  continuous,  but  consists  of 
one  or  more  colored  lines  in  that  portion  of  the  spectrum  which 
corresponds  to  the  color  of  the  light.  The  chemical  elements 
give  discontinuous  spectra,  some  few  and  some  many  lines,  and 
some  give  lines  in  quite  distant  portions  of  the  spectrum,  as,  for 
example,  potassium.  The  spectrum  thus  becomes  the  means  of 
identifying  chemical  elements.  The  process  is  called  spectrum 
analysis  and  the  instrument  used  is  called  the  spectroscope. 

The  Spectroscope. — The  spectroscope  consists  essentially  of  a 
prism,  Py  for  dispersing  the  light,  a  collimating-tube,  R,  with  a 
narrow  slit  at  one  extremity  and  a  lens  at  the  other  for  admitting 
a  thin  ribbon  of  light  to  the  prism,  a  telescope.  A,  through  which 
the  spectrum  is  seen  magnified,  and  a  tube,  C,  containing  a  scale 
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tlje  image  of  which  is  reflected  from  the  face  of  the  prism  into  the 
telescope  aJongside  of  the  spoctnim. 

To  Uie  the  i jist rumen t,  direct  the  colMmating-tube  towards  a 
source  of  light,  arrange  a  candle  or  light  reflected  from  a  wmdow 
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^  Fig,  5,— Spectroscope. 

with  a  small  mirror  so  as  to  illuminate  the  scale  and  obserT©  the 
spectrum  through  the  telescope. 

niuatratiops.— Direct  the  instrmnent  towards  a  bright  white  light  and 
observe  tlie  coutinuous  spectmoi.  Place  n  colorless  Buneen  fliiTne  in  front 
of  tbo  slit,  dip  Vk  platumm  wire  id  to  a  stroug  sohUiou  of  common  salt  and 
hold  it  i(i  tlie  Jlame ;  the  flume  becomes  yellow  and  the  spectrum  is  not 
cotitinnous  but  consists  of  a  bright  yellow  line.  Repeat  the  expenment 
with  lithium  chlond  and  potassium  hydrate*  In  the  first  case  we  have  tvro 
haes,  one  red  and  the  other  orange;  in  the  second  case  there  are  ihvee 
lines,  two  in  the  red  and  one  in  the  violet.  The  last  line  is  difficult  fo  see. 
If  a  raixturo  of  the  compounds  is  used,  all  the  hnes  will  be  seen  at  once. 

Absorption  Spectra— Fraunhofer  Lines. — Upon  close  ob&enra- 
tlon  the  solar  epeetrum  will  be  seen  to  be  crossed  by  a  multittido 
of  dark  linee,  many  of  which  arc  coincident  with  the  colored 
spectra  of  the  various  chemical  elements.  Experiment  has  shown 
that  when  white  light  is  pasfled  through  the  vapor  of  a  metal 
before  entering  the  spectroscope  a  dark  line  appears  where  the 
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spectrum  of  the  metal  should  be.  The  vapor  of  a  metal  absorbs 
the  light  which  the  metal  itself  produces  (Law  of  Kirchhoff).  This 
is  called  the  absorption  spectrum^  and  the  lines  are  called  Fraunhofer 
line^,  from  the  name  of  the  man  who  first  mapped  them  and  indi- 
cated the  prominent  ones  by  the  letters  of  the  alphabet.  The  non- 
metals  also  give  absorption  spectra. 

To  explain  the  dark  lines  in  the  solar  spectrum  we  may  suppose 
that  the  sun's  atmosphere  is  filled  with  incandescent  vapors  which 
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Fio.  6.— Fraunhofer  Lines. 


absorb  the  rays  corresponding  to  the  spectra  of  these  vapors  as 
the  light  passes  out  from  the  luminous  body  of  the  sun.  To 
ascertain  what  elements  are  in  the  sun  it  is  only  necessary  to 
identify  certain  Fraunhofer  lines  with  the  spectra  of  those  ele- 
ments. Among  those  which  have  been  found  are  hydrogen, 
sodium^  copper,  zinc,  magnesium,  potassium,  calcium,  chromium, 
nickel,  barium,  strontium,  cadmium,  cobalt,  manganese,  alumi- 
num, lead,  titanium,  and  oxygen.  The  sun's  chromosphere  is 
supposed  to  be  incandescent  hydrogen.  The  Fraunhofer  lines  are 
exceedingly  numerous  and  comparatively  few  have  been  referred 
to  terrestrial  elements.  We  may  therefore  suppose  that  the  sun 
contains  many  substances  which  do  not  exist  on  the  earth.  By 
means  of  the  spectroscope  many  known  substances  have  been  found 
in  the  fixed  stars  and  nebulsB. 

The  principal  Fraunhofer  lines  with  the  color,  wave-length, 
and  number  of  vibrations  per  second  are  given  in  the  following 
table: 


Joe. 

Color. 

Wave-length 

Number  of  waves  per 

in  millimeters. 

second. 

A 

Dark  red 

0.000760 

395,000,000,000,000 

C 

Orange 

0.000656 

458,000,000,000,000 

D 

Yellow 

0.000589 

510,000,000,000,000 

E 

Green 

0.000527 

570,000,000,000,000 

F 

Green-blue 

0.000486 

618,000,000,000,000 

G 

Ultra  blue 

0.000431 

697,000,000,000,000 

H 

Violet 

0.000897 

760,000,000,000,000 
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Double  Refraction  and  Polarization. — A  transparent  todj 
whicii  is  homogeneous  and  presents  the  samo  structore  in  all  dii'ec- 
tions  in  imiropic^  J-iig^it  passing  through  such  a  body  is  ref  rac  ted 
accordiHg  to  the  law  of  Bines*  If,  however,  the  body  presonts 
difference  of  structure  in  different  directions,  the  my  of  light  m 
separated  into  two  rays,  only  one  of  which  follows  the  law.  This 
is  called  the  ordinary  raif^  while  the  other  is  ciilled  the  extraor- 
dinary  my^  and  the  action  is  called  double  refract  inn.  The  phe^ 
Bomenoii  is  well  seen  with  crystallized  calcite  or  Iceland  span  A 
small  ohject  seen  through  such  a  crystal  appears  duuble. 

Both  rays  of  light  coming  from  the  prism  arc  polarized.  In 
common  Hght-rays  the  ethcreid  vibrations  arc  petpendiicular  to  the 
line  of  propag^i-tion,  but  in  no  particular  direction.  In  jmlarized 
li^bt  the  vibrations  are  conlined  to  a  plane.  It  is  as  if  the  light 
in  passing  through  the  crystal  had  been  so  sifted  as  to  let  through 
only  those  vibrations  which  were  parallel  to  the  planes  of  crystal- 
lization. If  two  crystals  of  tourmalin  cut  parallel  to  their  axes 
be  held  in  similar  position  between  the  eye  and  a  light,  the  light 
will  be  seen  through  them.  If  now  one  of  the  crystals  be  revolved 
in  a  plane  parallel  to  its  faces,  the  light  will  gradually  fade  and 
when  the  angle  of  OO"^  is  reached  will  disappear*  If  the  rotation 
be  continued,  the  light  reappears  and  at  180''  has  iti^  full  strength. 
The  light  in  passing  through  the  first  prism  is  polarized  in  a  plane 
and  can  only  pass  through  the  second  prism  when  it  has  a  position 
similar  to  that  of  the  first.  Au  apparatus  consisting  of  two  such 
prisms  is  called  a  polar ineopff.  The  prism  which  first  receives  the 
light  is  called  the  polarizer ^  the  one  next  to  the  eye  is  called  the 
mmlyzer, 

A  Nicol  prism  is  a  crystal  of  Iceland  spar  which  has  been  cut 
and  then  cemented  together  with  Canada  balsam  in  such  a  way  as 
to  permit  the  extraordinary  ray  to  pa^s  throngh  while  the  ordinary 
iray  is  totally  reflected  from  the  layer  of  balsam  and  passes  out  at 
the  side  of  the  prism.  The  common  polariscope  is  composed  of 
two  such  Nicol  prisms,  with  graduated  circles  for  maasuri ng  the 
angle  of  rotation,  tubes  for  holding  solutions,  and  varions  other 
accessories. 

When  polarized  light  is  passed  through  solutions  of  certain 
chemical  compounds,  such  as  sugar,  tlie  plane  of  polarization  is 
rotated,  and  the  amount  of  rotation  as  determineil  by  the  polari- 
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scope  becomes  a  means  of  determining  the  strength  of  such  solu- 
tions. The  instrument  used  for  determining  the  strength  of  sugar 
solutions  is  called  a  saccharimeter. 

Special  Light  Phenomenei.— Opalescence. — When  light  enters 
a  medium  which  contains  fine  solid  particles  in  suspension,  the 
shorter  light-waves  are  more  abundantly  reflected  than  the  longer 
ones,  and  hence  the  medium  appears  blue.  The  light  coming 
directly  through  the  medium  is  yellow.  There  is  therefore  a  play 
of  colors  between  blue,  yellow,  and  white.  The  phenomenon  is 
called  opalescence.  Examples  are  seen  in  dilute  milk,  smoky 
atmosphere,  soapy  water,  opal,  and  the  blue  sky. 

Phosphorescence, — The  longer  ethereal  waves  easily  communi- 
cate their  motion  to  material  molecules  as  heat.  The  shorter 
light-waves  seem  to  produce  but  little  molecular  motion,  or  rather 
the  motion  ceases  as  soon  as  the  light  ceases  to  act.  There  are 
some  substances,  however,  in  which  the  vibrations  continue. 
They  shine  in  the.  dark  for  some  time  after  having  been  exposed 
to  a  strong  light.  Such  substances  are  said  to  be  phosphorescenU 
Among  them  are  diamond,  sugar,  silk,  and  the  sulfids  of  barium 
and  calcium. 

Fluorescence. — There  are  certain  substances  in  which  molecular 
vibrations  produced  by  light-waves  give  rise  to  other  light-waves 
of  greater  length,  but  not  so  long  as  heat-waves.  Such  substances 
are  said-to  he  fluorescent.  When  illuminated  with  white  light  they 
give  out  light  of  various  colors  whioh  seems  to  come  from  within. 
They  are  even  made  luminous  by  ultra-violet  rays,  the  shorter 
invisible  rays  being  changed  into  longer  visible  rays.  Among 
fluorescent  substances  are  aesculin  (from  horse-chestnut),  quinine 
sulfate,  petroleum,  uranium  compounds,  fluor-spar,  eosin,  fluores- 
cein, and  sulfids  of  barium  and  calcium.  Good  fluorescent  solu- 
tions may  be  obtained  by  soaking  horse-chestnut  twigs  in  water, 
or  making  a  dilute  solution  of  eosin. 

In  some  cases  of  fluorescence  wo  find  slower  waves  converted 
into  more  rapid  ones.  A  solution  of  naphthalin  red  when  acted 
upon  with  a  deep  red  light  fluoresces  with  an  orange  light.  In 
the  case  of  chlorophane  (a  variety  of  fluor-spar)  even  the  slow 
heat-waves  cause  it  to  emit  an  emerald -green  light. 

Calorescence, — If  dark  heat-rays  be  brought  to  a  focus  on  a 
piece  of  platinum,  the  platinum  becomes  luminous  and  emits  light- 
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wav«  of  all  kin/Jji.    Tlib  rabing  of  longer  waves  into  fihorter 
WAVeH  wan  c&Ur^l  by  Tyodall  calore^^ence. 


EijEcrraiciTT* 

Potential.  —When  two  bodies  are  in  different  electric  conditions, 
ihiiy  art?  Haid  to  be  ek*ct rifled  and  the  two  conditions  are  ralJier 
arbitrarily  t^allcfl  fxmitivt'-  and  fiegtdive.  Poieftliai  is  the  tendency 
of  elo<itriiied  lj*)cliea  to  dischai^e  their  electricity  to  other  bodi^ 
or  t*>  Mjc  caHli.  When  two  bt}die$s  having  different  potential  are 
coiinortt^l  by  a  conductor  a  cumcnt  of  electricity  flows  from  that 
of  higher  or  poftjiive  fKJtentiai  to  that  of  lower  or  negative  potential 
until  thcrt^  is  equilibrium.  The  earth  is  the  great  reservoir  or 
gtoncshouHe  of  elet^tricity  and  its  [potential  is  said  to  be  zero. 

Sources  of  Electricity. — Among  tlie  many  ways  of  generating 
eli^ctricity  *>rj|y  two  necvl  Iw  mentioned  here;  first  by  means  of 
chemifial  acti()n,  wi  tKHiu  in  the  galvanic  battery%  and  second  by 
mechanical  work  as  represented  by  the  dynamo. 

The  HaltiTtf. — A  bfttU'r>*-cell  consif^tB  essentially  of  two  metals 
iininonicd  in  a  liquid  wiiich  acta  chemically  upon  one  of  them. 
On  connecting  the  metals  with  a  copper  wire 
a  current  of  electricity  passes  from  one  to 
the  other.  Amalgamateil  zinc  and  copper 
{carbon  or  platinum)  with  dilute  sulfuric 
acid  ma!^  a  very  simple  batter}\  The 
copper  with  it^s  connecting  wire  is  called  the 
posiiive  pole  of  the  battery f  or  pomtim  dee* 
irode  or  anode;  the  zinc  is  the  ni-gntive  pole 
or  negaiive  electrode  or  cathode.  The  current 
iH  *iaid  it*  pass  fnjm  the  anode  to  the  cathoile,  and  in  electrolysis 
the  positivi*  eloment  goes  in  the  same  direction.  In  the  cell  itself 
tlic  ssinc  is  ijositive  and  the  copper  negative  and  the  current  passes 
thmugh  the  liquiil  from  the  former  to  the  latter. 

The  Ihpmtmh — The  dynamo  consists  essentially  of  a  coil  of  %vire 
revolving  across  a  magnetic  field,  thus  generating  a  current  of 
eltHnricity,  The  coil  of  wire  is  called  the  ammhire,  and  the  power* 
fnl  electntmjignet  in  fmnt  of  which  it  revolveJ^  is  callal  the  field- 
matimi.  It  is  nin  by  an  engine  and  tbtas  mechanical  work  b  con- 
vortotl  into  electricity.    The  motor  h  the  dvnarao  reversed;  that 
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is,  the  current  in  the  electromagnet  makes  the  armature  revolve. 
Thus  electricity  is  converted  into  work. 

Electrochemical  Terms. — ^Many  substances  under  various  con- 
ditions, especially  in  solution,  separate  apparently  into  two  or  more 
parts  called  ions:  the  one  carrying  positive  electricity  and  called 
cations;  the  other  carrying  negative  electricity  and  called  anions. 
Such  substances  are  termed  electrolytes  because  they  are  decom- 
posed by  the  electric  current.  If  the  electrodes  of  a  battery  (leaves 
of  platinum  or  other  substance  attached  to  the  wires  of  the  battery) 
are  placed  in  a  solution  of  an  electrolyte,  the  cations  will  move 
through  the  solution  to  the  cathode,  while  the  anions  will  go  to  the 
anode,  and  both  will  lose  the  electric  charge  and  be  liberated. 
Such  decomposition  is  called  electrolysis. 
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Fig.  7a. — Electrolysis  op  Watbr. 

Electric  Units. — Many  units  are  used  in  electricity  and  they 
are  diflBcult  to  understand.    A  few  of  them  are  here  briefly  defined. 

The  couUmb,  named  for  a  French  chemist  who  Uved  in  the  early 
part  of  the  nineteenth  century,  is  the  unit  of  qaantity.  It  corre- 
sponds to  the  calorie  or  unit  of  heat  and  to  the  Uter  or  unit  of  volume. 
It  is  the  quantity  of  electricity  carried  by  1.118  milligrams  of 
silver  ions.  For  the  evolution  of  one  gram  of  hydrogen  96,530 
coulombs  of  electricity  must  pass  through  the  electrolyte. 

The  ampere^  named  for  the  great  French  chemist,  is  the  unit 
of  current  strength.  A  current  which  causes  one  coulomb  of  eleo- 
tricity  to  pass  a  cross-section  of  a  conductor  in  one  second  has  a 
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current  strength  of  one  ampere.  It  may  be  compared  to  a  stream 
which  delivers  one  liter  of  water  a  second.  A  current  of  one  am- 
pere will  liberate  one  gram  of  hydrogen  in  06,530  seconds. 

The  volt,  named  for  Volta,  the  great  Italian  scientist,  is  the  und 
of  pressure  or  of  difference  of  potential,  called  also  eiednmoim 
force.  It  corrcs|X)nds  to  water  pressure  due  to  difference  of  level. 
It  is  the  pressure  which  will  cany  an  ampere  cuirent  tlirough  a 
unit  of  resistance  (see  ohm  below). 

The  ohm,  named  for  a  German  electrician^  is  the  wttl  of  renW- 
ance.  A  difTerence  of  potential  of  one  volt  will  cause  a  current  of 
one  ampere  to  pa««8  through  a  resistance  of  one  ohm.  It  is  equal 
to  the  resistance  of  a  column  of  mercury  at  OP  106.3  c^itimetera 
in  length,  and  witli  a  uniform  cross-section  of  one  square  millimeter. 
The  resistance  in  ohms  is  equal  to  the  pressure  in  volte  divided  by 
the  current  in  amjwres,  TliLs  important  relationship  is  known  as 
Ohm's  Law.  Tlio  sjxcific  resistance  of  a  substance  is  its  resistance 
as  coniparcil  with  that  of  mercury-.  CondiutivUy  is  the  reciprocal 
of  the  resistance. 

The  watt,  named  for  James  Watt,  the  Scotch  inventor,  is  the 
unit  of  ]M)\ver.  It  is  c^iual  to  the  current  in  amperes  multiplied 
})v  the  prossiiro  in  volts.  A  horse-jiowcr  is  equal  to  746  watts.  A 
kilowatt,  or  lOOO  watts,  is  about  equal  to  one  and  one  third  horse- 
power. An  incandescent  hmi])  supplied  by  a  current  of  one  ampere 
at  a  pressurr  of  1(K)  volts  will  give  the  same  light  as  a  lamp  using 
a  current  of  four  anij)er(s  at  a  j)rc»ssure  of  25  volts. 

Tlic  jiiulr,  named  for  .1.  P.  Joule,  an  English  physicist,  is  the 
unit  o]  work,  li  is  the  work  done  when  a  coulomb  of  electricity  is 
])assed  thrf»u<2:h  a  wire  at  a  ]>ressure  of  one  volt,  or  when  a  current 
of  on(^  ampere  is  kept  uj)  for  one  second  against  a  resistance  of 
one  olwn. 

KNEUGY. 

Energy. — l^nerpy  may  l)e  define^l  as  jx)wer  of  doing  work. 
is  associated  with  matter  and  is  a  strain  or  stress  due  to  stati 
confitruration.     As  long  as  the  strain  is  resisted  or  balanced, 
work  is  done  and  the  enerjuy  is  ]wtcntiaL     If  the  resistance  yi^ 
the  stale  or  coiififruration  begins  to  change,  work  is  done,  a'' 
encTjry  becomes  kinetic.     T\\c  sum  total  of  the  energy  po 
and  kinc^tic  i.-*  constant.    As  a  system  loses  potential  energy  i 
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an  equal  amount  of  kinetic  energy  and  vice  versa.  The  strain 
required  to  resist  the  transformation  of  potential  into  kinetic 
enei^y  is  called  force.  There  are  various  kinds  of  enei^:  mechan- 
ical, thermal,  vital,  electric,  radiant,  etc. 

No  body  or  system  can  be  deprived  of  the  whole  of  its  energy 
and  we  have  no  means  of  knowing  the  total  energy  which  it  may 
contain.  The  excess  of  its  enei^  in  any  condition  above  that 
which  it  possesses  at  a  standard  state  is  called  its  intrinsic  energy. 
This  may  be  obtained  by  allowing  the  body  or  system  to  pass  from 
the  given  state  to  the  standard  state  in  such  a  way  that  all  the 
energy  involved  will  appear  and  be  measured  in  one  form,  say  as 
heat. 

The  unit  of  force  is  the  dyne.  It  is  the  force  which  acting  upon 
one  gram  for  one  second  will  give  it  a  velocity  of  one  centimeter  a 
second.  A  falling  body  at  Paris  acquires  in  one  second  a  velocity 
of  981  centimeters  (32.2  feet).  Therefore  one  gramrcentimeter  is 
equal  to  981  dynes. 

The  unit  of  work  is  called  the  erg.  It  is  the  work  done  when  a 
unit  of  force  acts  through  a  unit  of  distance;  that  is 

Ergs  =  dynes  X  centimeters. 

Energy  Factors. — Energy  may  be  expressed  by  two  factors,  one 
of  which  represents  quantity  and  the  other  intensity.  In  mechan- 
ical kinetic  energy  the  quantity  factor  is  the  mass  and  the  intensity 
tactor  is  the  velocity.     It  is  expressed  by  the  equation 

E=imv\ 

For  potential  energy  the  factors  are  the  spaces  moved  over  and 
the  force  /  or  striving  of  the  body  or  system  to  change  state  or  con- 
figuration; that  is, 

E==sf. 

For  heat  the  factors  are  the  heat  capacity  of  the  body  or  its 
specific  heat  c,  and  the  temperature  t;  that  is, 

E=^ct. 

For  electricity  the  value  is 

E  =  cv= coulombs  X  volts. 
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la  computing  energy'  it  m  necessar>'  to  fix  standard  values  for 
the  interij^ity  factoiB,  Those  commonly  used  are:  for  velocity, 
centimeters  a  second;  for  force,  the  dyne;  for  temperature,  abso- 
lute zero ;  for  electricity,  the  zero  potential  of  the  earth. 

Chemical  enei^y  is  least  known  of  all.  Its  capacity  factor  is 
mass,  but  its  eneiigy  factor  has  not  h^^n  determined.  Chemical 
energy  must,  therefore,  be  converted  into  some  other  form  of 
enei^  before  it  can  be  measured. 

In  order  that  two  systems  may  exist  together,  their  intensity 
farlors  must  be  equaL  If  these  are  different,  a  change  will  begin 
and  continue  until  the  factttrs  are  the  same.  Thus,  if  two  bodies 
at  different  temperatures  are  brought  into  contact,  heat  exchange 
will  take  place  until  the  temperatures  are  ecjualized.  If  the  inten- 
sity factors  are  the  same,  equilibrium  mill  exist,  whatever  may  be 
the  quantity  factors. 

Transfonnation  of  Energy, — All  the  various  kinds  of  energy  are 
interconvertible.  I^Iechanical  motioa  is  changed  into  heat  in  fric- 
tionp  into  electricity  in  the  dynamo;  chemical  enei^y  is  changed 
into  electricity  in  the  batter}^  into  mechanical  motion  in  the  steam- 
engine  ;  electricity  is  changed  into  mechanical  motion  in  the  motor 
and  into  chemical  action  in  electroljrsis.  The  nde  has  been  found 
to  hold  good  in  so  many  cases  that  we  feel  safe  in  assuming  that 
any  kind^  of  energy  rnoy  be  translornied  into  any  oihtr  kind  of  ejiergy. 
This  is  the  law  of  correlation  or  transfommlion  of  energy. 

Conservation  of  Energy, — The  fact  has  been  established  by 
many  satisfactory'  proofs  that  in  all  it^  transformations  no  eneiigy 
is  lost,  or  that  the  sum  total  of  eneiiGjy  in  the  universe  is  constant. 
This  is  known  as  the  law  of  conscrimiion  of  energy. 

Mechanical  Equivalent  of  Heat* — Dr.  Jtmie  of  England  deter- 
mined the  mechanical  equivalent  of  heat  by  noting  the  rm  in 
temperature  of  a  definite  quantity  of  water  caused  by  stirring  it 
with  a  paddle-wheel  run  by  a  weight,  Tlie  work  done  upon  the 
water  was  measured  b}^  the  distance  over  which  the  weight  de- 
scended multiplied  by  the  mass  of  the  weight.  He  found  thai 
an  8'kilogram  weight  descending  through  53  metei^  caused  a  rise 
in  temperature  of  1°  in  1  kilogram  of  water ,  that  is,  pro<luced  one 
calorie  of  heat.  To  do  the  same  work  a  1-kilogram  weight  would 
have  to  descend  424  meters.  The  work  done  by  a  kilogram  weight 
descending  through  1  meter  is  called  a  kilagrammcler.    Therefore 
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One  calorie  of  heal  is  eqaivalerd  to  424  kUogrammeters  of  work. 

More  accurate  determinations  made  by  Henry  A.  Rowland  of  Johns 
Hopkins  University  gave  the  value  425.5. 

Heat  Equivalent  of  Electricity. — ^We  have  found  that  electric 
energy  is  represented  by  the  equation  £=ci;= coulombs  X  volts.  If 
we  measure  the  heat  generated  when  a  coulomb  of  electricity  is 
driven  through  a  resistance  which  lowers  its  potential  by  one  volt, 
we  find  it  to  be  0.24  calorie.    Therefore 

1  coulomb  Xl  volt =0.24  calorie, 

or  the  heat  equivalent  of  electricity  is  O.24  calorie. 

Mechanical  Equivalent  of  Electricity. — Since  one  calorie  of  heat 
is  equal  to  42,550  gram-centimeters,  and  one  gram-centimeter  is 
equal  to  981  dynes,  we  have 

^=0.24X42,550X981  =  10,017,972  =  10^  eigs. 

TAe  mechanical  equivalent  of  electricity  is  then  10''  ergs. 

Other  energy  equivalents  will  be  discussed  in  their  proper  con- 
nection. 


PART  II. 
THEORETICAL  CREMI8TRT. 


DIVISION  I.    STATICS. 

CHAPTER  V. 
ELEI^IENTS  AND  ATOMS. 

Elements. — Analysis  of  all  known  substances  has  shown  that 
they  are  composed  of  only  a  few  ultimate  kinds  of  matter  called 
elements.  Some  of  the  elements  are  the  common  substances  with 
which  we  are  familiar,  such  as  gold,  iron,  silver,  copper,  oxygen, 
etc.  Others  do  not  occur  free  and  are  only  obtained  by  compli- 
cated chemical  processes. 

Abundance  of  Elements. — Some  elements  are  very  abundant  in 
nature,  while  others  are  so  rare  that  they  are  prepared  at  great 
expense  and  are  never  seen  outside  of  chemical  collections  and 
laboratories.  One  half  of  the  surface  rocks  of  the  globe  and  eight 
ninths  of  water  are  oxygen,  while  the  element  gallium  is  so  rare 
that  the  market  price  is  *12.00  a  grain. 

Number  of  Elements. — The  number  of  elements  now  known  is 
seventy  eight.  All  other  substances,  natural  or  artificial,  are 
compounds,  that  is  contain  more  than  one  element.  Any  of 
these  elements  may  hereafter  be  found  to  be  combinations  or 
modifications  of  other  elements. 

Naming  of  Elements. — The  elements  have  been  named  without 
much  regard  to  system.  Those  which  have  long  been  known 
usually  retain  their  common  name,  as  gold,  silver,  copper,  lead, 
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mercuiy.  In  naming  compounds  the  Latin  equivalent  of  these  is 
frequently  used,  as  auric  chlorid,  cuprous  oxid,  etc.  Of  those 
elements  which  have  been  more  recently  discovered  the  name  of 
the  metals  usually  ends  in  um,  while  non-metals  receive  the 
termination  iney  aw,  or  gen.  The  names  themselves  are  variously 
derived  according  to  the  fancy  of  the  discoverer.  They  have  come 
from  the  names  of  gods:  thorium  from  Thor,  the  Norse  god;  from 
heroes  of  mythology:  tantalum  from  Tantalus,  titanium  from 
Titan;  from  the  planets:  tellurium  from  telluSy  the  earth,  sele- 
nium from  selency  the  moon,  also  mercury  and  uranium  from  the 
planets  of  the  same  name;  from  countries:  scandium  from  Scan- 
dinavia, germanium  from  Germany;  from  colors:  chlorin,  green; 
iodin,  violet;  chromium,  colored;  from  physical  properties: 
barium  from  barus,  heavy;  from  natural  phenomena:  iridium 
from  Iris,  the  rainbow;  from  chemical  properties:  oxygen,  acid- 
naker;  nitrogen,  niter-maker,  hydrogen,  water-maker;  from 
various  sources:  silicon  from  silex,  flint;  calcium  from  calx,  lime; 
phosphorus  from  the  Greek  which  means  light-bearer;  helium  from 
helios,  the  sun,  etc. 

Symbols. — For  convenience  the  various  elements  are  repre- 
sented by  symbols.  These  are  simply  abbreviations  of  the  names 
of  the  elements.  In  some  cases  the  first  letter  only  is  used ;  as, 
C  for  carbon,  N  for  nitrogen,  0  for  oxygen.  If  two  names  begin 
with  the  same  letter,  the  symbol  for  the  less  common  element  is 
formed  by  adding  some  other  letter  which  is  prominently  heard  in 
the  pronunciation  of  the  name ;  as,  Co  for  cobalt,  CI  for  chlorin, 
Br  for  bromin.  In  many  cases  the  symbol  comes  from  the  Latin 
name;  as,  Fe  for  iron  (ferrum),  Au  for  gold  {aurum),  Cu  for 
copper  (cuprum). 

A  symbol  not  only  represents  the  element,  but  a  definite 
quantity  of  it,  viz.,  one  atom,  and  thus  indirectly  expresses  the 
atomic  weight.  To  indicate  two  or  more  atoms  the  Arabic  sub- 
script numerals  are  added  to  the  symbols.  Thus  n,  means  two 
atoms  of  hydrogen,  0,  three  atoms  of  oxygen,  etc. 

Formulas. — ^A  formula  is  a  group  of  symbols  representing  a 
molecule.  H,0  is  the  formula  for  water  and  means  that  a  mole- 
cule of  water  contains  two  atoms  of  hydrogen  and  one  atom  of 
oxygen. 

Molecular  formulas  are  multiplied  by  placing  before  them  an 
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Arabic  numeral  or  enclosing  them  in  parentheses  and  writing  the 
small  siubscript  numeral  to  the  right.  2CO2  or  (COJa  means  two 
molecules  of  carbon  dioxid* 

A  formula  represents  a  nioleeule  and  tells: 

1.  What  elements  enter  the  molecnle; 

2.  How  many  atoms  of  each  element; 

3.  Indirectly  the  molecular  weight. 

Fundamental  Laws  of  Chemlstry*'-C*ertain  hms  have  been 
discovered  by  the  study  of  chemical  facts  and  phenomena  which 
are  fundamental  and  upon  which  the  science  of  chemistn^  is  built, 
The  more  important  of  the^e  laws  will  now  be  given, 

L  Law  of  ConJsenKdion  of  Weighi. — C'areful  investigations  have 
showT:i  that  if  a  chemical  action  is  brought  about  in  an  enclosed 
space,  no  change  of  weight  occurs.  7'hc  total  weight  of  all  (he 
substanc4^s  tuhing  part  in  a  ckeinicnl  action  remuitis  unehungi^d. 
This  law  seems  to  be  imiversally  true,  and  is  known  as  the  law  of 
consenntion  of  weight.  Upon  it  are  based  all  quantitative  chem- 
ical operatioas. 

tllustratioa&^ — Place  in  the  bottom  of  a  flask  a  napsuJe  coDtalning  a  hit  of 
phosphorus,  clo&e  air-tight  with  a  eork,  artd  weigh.  Warm  gently  until  th© 
phosphoni^  ignites.  When  the  coinF)U.«itiori  Is  complete*  lind  the  flask  has 
cooled,  place  it  again  upon  the  I  talance.     The  weight  will  be  found  unchanged. 

Place  In  a  small  flask  containin|j  a  solution  of  silver  nitrate  a  tube  con- 
taining a  solution  of  potas^iuni  iodid.  Wt?igh  carefully,  then  tilt  the  flaak 
BO  that  the  solutions  mix.     After  the  action  weigh  again. 

2,  Law  of  Conservation  of  Ma.ss. — Since  mass  is  proportional 
to  weighty  the  law  of  conserA'ation  of  mass  follows  directly  from 
the  above  law.  It  may  be  stated  thus:  The  total  fmxBs  of  any  sg8- 
tein  remains  the  same  whatever  chemical  change  may  have  Itikvn 
place  iinthiji  the  system, 

3*  Laws  of  Cansenxdion  artd  Transformation  of  Energy. — ^These 
laws  have  already  heen  explalncnl  under  the  subject  of  Enei^, 

4,  Late  of  Constant  Propi/rt  mis. —Not  only  has  it  been  found 
that  no  matter  is  lost  in  a  cliemical  reaction^  but  it  has  also  been 
demonstrat^Ml  that  w^hen  two  mdistances  combine  to  form  a  thinJ, 
they  unite  in  a  definite  proportion  by  mass  or  weight  and  that  this 
proportion  is  always  the  same  however  the  eomjiound  may  be 
formed.    Thus,  water  contains  8  parts  of  oxygen  to  1  of  hydro* 
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gen,  and  common  salt  contains  35.45  parts  of  chlorin  to  23  of 
sodium,  and  the  elements  never  enter  these  compounds  in  any 
other  proportion.  This  law  of  constant  proportions  has  been 
found  to  hold  good  for  all  substances  that  have  been  investigated, 
and  may  be  stated  thus:  Every  chemical  compound  has  a  constant 
composition  and  always  contains  its  constituent  elements  in  the  same 
proportion  by  mass  or  weight. 

5.  Law  of  Multiple  Proportions, — The  elements  have  been 
found  to  combine  in  more  than  one  definite  proportion.  For 
example,  there  are  two  compounds  of  hydrogen  with  oxygen.  In 
water  the  proportion  is  1  to  8,  and  in  hydrogen  peroxid  it  is  1  to  16. 
The  proportion  of  oxygen  in  the  second  is  exactly  twice  that  in 
the  first.  So  also  there  are  five  compounds  of  nitrogen  with 
oxygen  as  follows: 

NO  NO 

Hyponitrous  oxid,    N^O     7  to   4  or  2X14  to  1X16 

Nitrogen  dioxid,       N^Oj    7  to   8  or  2X14  to  2X16 

Nitrous  oxid,  N^O,    7  to  12  or  2X14  to  3X16 

Nitrogen  tetroxid,    N,0^    7  to  16  or  2X14  to  4X16 

Nitric  oxid.  N^O,    7  to  20  or  2x14  to  5X16 

In  these  compounds  the  amount  of  oxygen  which  combines 
with  7  parts  of  nitrogen  is  a  multiple  of  4,  and  that  which  com- 
bines with  28  of  nitrogen  is  a  multiple  of  16.  Such  facts  are  ex- 
pressed in  the  law  of  multiple  proportions  which  may  be  stated 
thus:  //  two  elements  combine  in  more  than  one  proportion^  the 
quantities  of  one  which  combine  with  a  given  quantity  of  the  other 
are  simple  multiples  of  its  lowest  combining  quantity, 

6.  Law  of  Combining  Weights — If  the  combining  proportions  of 
all  the  elements  be  computed  with  reference  to  a  definite  weight 
of  a  given  element  taken  as  the  standard  or  unit,  the  numbers  thus 
obtained  are  the  combining  weights  or  the  equivalent  weights  of  the 
elements. 

AU  chemical  combinations  take  place  in  the  ratio  of  the  combining 

weights  or  in  simple  m%dtiples  thereof, 

• 
Illustrations. — The  hydrogen  equivalent  of  zinc  may  be  found  with  the 
simple  apparatus  shown  in  Fig.  7b.  The  apparatus  being  filled  with  water, 
the  weighed  zinc  (about  0.12  gram  for  a  50-cc.  tube)  is  dropped  into  the 
generator  and  enough  sulfuric  acid  of  specific  gravity  1.18  is  added  to 
displace  the  water.       The  side   tube    is    closed  with  a  cork  to  prevent 


oscillation,  which  might  cause  the  loss  of  g&».      When  action  ceaeee,  water 

la  added  to  carr^'  all  the  gas  over,  and  thai 
tube  of  hydrogen  is  transferred  to  a  cyl- 
inder of  water.  After  a  few  minutea  the ' 
tube  ia  mbsed  until  the  water-level  je  the  samo 
without  and  within,  and  the  volume  of  the 
gas  is  read.  The  tempierature  of  the  water 
and  the  height  of  the  barometer  are  not«d^ 
the  latter  being  corrected  for  vapor  tension. 
The  ^s  volume,  reduced  to  0^  and  760  mm., 
m  multiplied  by  the  weight  of  1  cc.  of 
hydrogen.  The  weight  of  the  zinc  used  m 
divided  by  this  product  and  the  quotient  b 
the  hj^dro^en  equivalent  of  zinc.  It  will  b« 
half  the  atomic  weight,  sinc^j  one  atom  of 
z'mc  di^plaofts  two  atfjms  of  hydrogen* 

Example. — 0.237  gram  «jnc  gave  00  oa 
hydrogen  at  17^  and  741  mm.     The  vapor  1 
tension  for  17^  is  14.4  mm.     Then 


gram  hydrogen. 
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Fig,  75. — ^Hvoroqi^n-  Equiv- 
alent OF  Zinc. 


**??^  32  511 


0.00728 
the  hydrogen  equivalent  of  zinc 
The  atomic  weight  of  zinc  is  65,4  and  its  true  equivalent  m  32.7* 

Theory  of  Atoms^^The  laws  jost  explained  were  interpreted 

by  John  Dalton,  an  English  chemist »  in  l.S05^  by  what  Ls  known  aa 
the  theory  of  atoms.  This  theoiy  supposes  that  each  element  con- 
sists of  discrete  particles  which  have  a  definite  weight  and  remain 
undividetl  in  chemical  actions.  On  this  supposition,  if  a  com- 
pound is  formal  between  two  elements,  the  union  must  take  place 
in  weights  proportiimal  to  the  weights  of  the  two  atoms,  and  hence 
in  laanuony  with  the  law  of  constant  proportions.  If  one  atom  of 
one  element  unites  to  two  or  more  of  another,  then  the  union  t^tII 
be  in  hannony  %dth  the  law  of  multiple  pmportions.  The  atomit; 
theorjj^  thus  fully  explaii^  the^e  laws,  and  practically  all  the  facts 
are  in  accc^rd  with  this  theory. 

An  atr»m  may  then  be  defined  as  the  uUintote  partide  of  an  elf- 
men  t  wkirh  tak€s  part  in  a  reaciion  or  enters  into  the  wmpositwn  of 
a  malt'cule. 

Nature  of  the  Atom.— Of  the  nature  of  the  atom  we  know  really 
Qothing.    In  1S15  William  Prout,  an  English  physician,  observed 
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that  with  hydrogen  as  the  Btandaid  many  of  the  atomic  weights 
are  wliole  numbers.  He  therefore  proposed  the  hypothesis  that 
all  the  elements  are  eomix>iinds  of  hydrogen*  This  hypothesis 
has  now  been  abandone<J  because  the  atomic  weights  have  been 
found  not  to  l>e  generally  multiples  of  one. 

In  ISCm  Lord  Kelvin,  an  English  ph>^cist,  suggested  that 
atoms  may  be  vortex  rings  in  ether  similar  to  the  rings  made  by 
hydrogen  phosphid,  or  those  which  come  from  the  ^smoke-stack 
of  a  locomt>tive.  This  hypothcs^is  was  investigated  by  Lord  Kel- 
vin himself,  hj  Clerk  Maxwell,  and  by  J.  J.  Thomson,  and  for  a 
lime  received  pofnibr  favor.  In  1900  Professor  J.  J.  Thomson 
of  Cambridge,  in  the  in^T^tigation  of  the  cathode  raj's,  came  to  the 
conclumon  that  they  were  streams  of  materia!  particles  ehai^g^ 
with  negati%^e  electricity  and  moving  is-ith  velocities  somewhat  leaa 
that!  that  of  lights  These  particles,  or  cmpusde^,  as  he  called 
them,  he  fcnmd  by  electric  measurement  to  be  about  seven  hun- 
dred times  as  light  as  the  hydrogen  atom*  He  suggested,  there- 
fore, that  atoms  are  clusters  of  hundreds  and  perhaps  thousands 
of  ultimate  particles  which  are  aU  alike.  This  hypothesis  is  in 
harmony  with  the  recent  discoveries  in  ct>nnection  with  radium 
and  rjidioactivity,  and  it  is  probable  that  the  atom  will  be  found 
to  be  a  complex  aggregate  of  one  or  moreniltimate  substances. 

Atomic  Weight, — The  smalle&t  relative  quantity  of  an  element 
which  enters  into  the  composition  of  a  molecule  is  called  its  atomic 
meigki.  Hydrogen,  being  the  lightest  substance,  has  usually  been 
taken  as  the  standard  with  an  atomic  weight  1 ,  With  this  standard 
atomic  weight  means  m  many  times  as  heavy  as  the  hydrogen 
atom.  Oxygen  ia  also  used  as  the  standard,  and  is  preferred  by 
many  chemists  for  three  reasons: 

(1)  Its  atomic  weight  bemg  larger,  the  error  in  the  determina* 
tioQ  of  utomic  weights  is  less  than  when  the  smaller  standard  ia 
itBed. 

(2)  The  atomic  weights  of  many  elements  may  be  determined 
directly  with  reference  to  oxygen,  while  with  hydrogen  as  the 
itandjird  most  of  the  determinations  are  indireet, 

(3j  The  atomic  weights  computed  with  reference  to  oxygen 
mora  nearly  approximate  whole  numbers.  This  will  be  seen  by  an 
iBspectioD  of  the  table,  in  which  the  weights  are  given  with  refer- 
ebce  to  both  standards* 
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The  moj^t  paitistakiiig  and  elaborate  determinations  of  the 
combining  weights  of  oxygen  and  hydrogen  were  made  by  Pro- 
fessor E.  W.  Morley  and  published  in  1895,  He  obtained  for 
H=  1,0=  15.879 1  for  0=  16,  H  =  1.0076. 

These  numbers  furnish  the  basis  for  the  computation  of  all  the 
atomic  weights, 

Determlnatioii  of  Atomic  Weight. — If  the  element  unites  atom 
tx)  atom  with  hydrogen,  an  analysis  of  llie  compound  will  give  its 
atomic  weight. 

Example.— nytlrtycbloric  aeid  contains  one  atom  each  of  hydrogen  and 
chloriii.  Analysis  shows  that  it  contains  2.75  per  cent  of  bydrogen  and 
87-25  percent  of  eljloria.  These  numbers  are  tn  tho  proportion  of  1  to 
35.4;  therefore  the  atomic  weight  of  ehlodu  is  35.4, 

If  the  element  does  not  combine  with  hydrogen,  its  atomic 
weight  is  determined  by  ascertaining  in  what  proportion  it  com- 
bines with  an  element  which  does  form  a  hydrogen  compound. 

Example* — Sodium  does  not  combine  with  hydrogen^  but  forms  isith 
cblorin  tbti  compound  NaCI,  called  common  salt.  Analysis  of  this  com- 
pound shows  311.89  per  cent  of  sodium  and  GO.  61  per  cent  of  cblorin.  The 
atomic  weight  of  cblorin  being  35,4,  the  proportion  00,61 :  S9*39  =  35.4  :^, 
gives  X  =  S3,  the  atomic  weight  of  sodium. 

But  the  element  may  combine  with  two  or  more  atoms  of 
hydrogen  or  in  two  or  more  proportions  with  it.  In  tbia  case 
several  combining- weights  may  he  obtained  and  it  will  not  ba 
possible  to  say  which  is  the  atomic  weight. 

Example,— Hydrogen  forms  two  compounds  with  oxygen;  water,  H^Oi 
and  bydro^en  peroxifl,  lT,Oa.  lu  the  first,  H  =  11.11  percent  and  0  ^  88.&B 
per  cent,  or  1  of  II  t»  8  of  O,  In  tlie  second,  H  ==  5.88  per  cent,  while 
O  =  92  J3  per  cent,  or  1  of  H  to  16  of  0.  Whether  the  atomic  weight  of 
oxygen  is  8  or  16  must  be  determined  by  other  meaijs. 

Aids  in  Detenoining  Atomic  Weight, — 1,  Density,  There  are 
various  methods  of  a.sccrtaining  which  of  the  C4>mbiniiig  weigh ta 
of  an  element  is  its  atomic  weight*  The  most  important  of  these 
is  foimfled  on  the  relationship  between  the  vapor  density  of  a  com- 
pound antl  its  molecidar  weight.  According  to  the  law  of  Avo- 
gadroj  the  molecular  weight  of  any  substance  which  can  be  vola- 
tilised without  decomposition  is  just  tvnrG  its  density  referred  to 
hydrogen.     Knoi^ing  the  percentage  composition  and  the  tnolec- 
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ular  weigH  of  a  compound,  the  actual  quantity  of  each  constituent 
In  tlie  molecule  ig  known.  This  Ls  determined  for  all  compounds 
of  each  element,  and  the  small^t  quantity  of  each  is  caJJed  its 
atomic  weight. 

Suppose  we  are  seeking  the  atomic  weight  of  oxygen.  We 
annh^ite  and  determiuo  the  density  of  a  mimber  of  compounds. 
The  regults  may  be  arranged  n.%  follows : 


Willi  H 
With  C 
Witb  S 
WtthN 


Pot-Ceni. 


H  =  \\M 
C  =  26  8ft 

H  =  MM 


O  -  88.89 
O  --a  73,64 

O  ^  eo.of) 

O  =  68.18 


Ratl^. 


C:0::8:8 

N  :0::7:12 


Density 


MolecnUr  R^lo. 


H  tO::  2:16 
CtOti  1*2:32 
tiiO::  82:46 
N:O::08:4« 


IllUtlh, 


CO, 
N,0, 


W©  find  that  ojcygen  enters  these  molecules  with  the  weights 
l^,  311,  aTsd  48.  In  no  compound  is  it  ever  found  to  be  less  than 
IG.     Its  atomic  weight  is  therefore  IG, 

*^hv.  ^ime  results  enable  us  to  write  the  formulae  and  to  indicate 
the  number  of  atoms  of  each  element  in  the  molecule.  In  the 
first  compound  we  have  %  parts  of  H^  but  itince  the  atomic  weight 
of  H  is  1,  thi&  mugt  repreeeut  two  atoms  and  so  we  write  11^0, 
In  the  second  there  are  32  parts  of  0*  but  since  its  atomic  weight 
in  10,  we  write  CO,.  In  the  fourth  we  have  28  parts  of  N  and  48 
parts  of  0;  tlierefore,  since  the  atomic  weight  of  N  ia  14  and  of 
0  ij<  l(i,  we  write  N,Oj. 

2.  Specific  Ilfvf,  Another  aid  in  determining  atomic  weight  is 
j«l»crifir  hfat,  Wq  have  leanie*!  that  the  sgecific  heat  of  the  cle- 
ment*^ varies  Inversely  a^  the  atomic  weight,  and  that  there  is  a 
aotmtant  atomic  heat  equal  to  the  product  of  the  specific  heat  and 
nt^^inic  weight  representfvl  by  the  number  6.4,  If,  therefore,  the 
specific  heat  of  an  element  be  determijied  and  the  number  6,4 
he  divided  by  it,  the  quotient  wiU  be  the  atomic  weight.  For  ex- 
lunplct  the  sptn-ific  heat  of  potassium  is  0,lt>6j  which  is  contained 
in  OA  thirty-nine  times,  and  this  is  the  atomic  weight  of  potassium. 

Wldle  this  ijt  not  a  method  for  the  accurate  detennination  of 
atomic  weights,  it  serves  to  indicate  wdiich  one  of  several  com  bin- 
ifig'weigbta  iis  the  atomic  weight,  and  is  very  useful  with  elementa 
wbo»e  vapor  density  cannot  be  determined. 
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SincG  molecular  heat  is  equal  to  the  suni  of  the  atomic  heats, 
we  may  confirm  atomic  weights  by  a  study  of  the  specific  heat  ol 
compounds.  The  molecular  heat  of  a  compound  diyided  by  the 
number  of  it8  atoms  is  equal  to  the  atomic-heat  constant,  6,4* 

Example.— *C:ilcium  ami  cliloriii  combine  hi  the  proportion  of  20  to  30.4, 
TLe  specific  heat  of  the  compound  is  0vl<>4*  If  the  formula  is  CaCI,  the 
molecular  weight  is  65.4;  If  it  m  CaCU,  tho  molecular  weight  is  110.@»  Wo 
will  then  have : 


For  CaCl, 


0J64  K55.4 


=  4,5,   PorCaCltp 


0.104  X  llO.e 


=  04. 


Since  the  latter  is  uearer  to  the  congtaDt,  6,4^  we  must  conclude  that  the 
second  formula  is  correct  aud  that  the  atomic  weight  of  caleium  is  40. 

S.  Isomorphmn,  lu  1819  Eilhard  Mitsclierllch  of  Berlin  dis- 
covered the  fact  that  inomorphous  Bub^taiices  have  generally 
analogous  conipusitioii,  or  that  the  number  of  atoms  of  the  eon- 
responding  elements  in  the  two  moleeulas  is  the  same.  Sodium 
chloridp  sodium  bromidt  and  sodium  iodld  are  analogouB  iu  com- 
position, and  have  the  same  crystalline  form,  the  cube.  So  also 
potassium  perchlorate,  KCIO^,  and  ptitassium  permanganate, 
l^fnO^p  both  crystallize  in  rhombic  prLsms.  If,  for  example,  the 
atomic  weight  of  iodin  were  unkno^vni  and  we  have  found  sodium 
iodid,  Nal,  to  be  is<^)morphoua  with  sodium  chlorid,  NaCl,  we  may 
write  it^  formula  Nal,  and  since  it  contains  127  parts  of  iodin  to 
23  parts  of  sodium,  we  may  safely  conclude  that  127  is  tlie  atomic 
weight  of  iodin. 

Valence  of  Elemeats. — The  valence  of  an  element  is  ita  com- 
bining power  by  number  of  atoms,  Chlorin  unites  with  one  atom 
of  hydrogen,  o^gen jrith  two,  nitrogen  with  three,  and  carbon 
with  four. 

HCl  H,0  H,N  n,C 

HjdroclilQrlc  Miid^  Water.  Ammonia.  MAniu-ga& 

In  number  of  hydrogen  atoms  chlorin  Kas  a  oombiniug  power 
ol  one,  oxygen  of  twOj  nitfogen  of  three,  and  carbon  of  foiu*. 
The  valence  of  these  elements  is  therefore  one,  two,  three,  and 
four  reBpectively. 

Many  elementa  do  not  combine  with  hydrogen,  Tho  valence 
in  this  case  is  found  by  studying  their  compounda  with  some 
element  which  does  unite  with  hydrogen.  With  chlorin,  whose 
valence  with  hydrogen  has  just  been  found  to  be  one^  we  have  the 
following  compounds : 


NaCl        CaCL 


BCL 


CCL 


PCflg        WCl. 
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in  which  the  number  of  chlorin  atoms  indicates  the  valence  of  the 
other  element*  The  highest  valence  with  which  any  element  has 
been  found  to  act  is  eight- 

With  referenee  to  valence^  elementa  are  called  monada^  djadsi 
triads,  tetrads,  pentads^  hexads,  hepti^ds^  and  octads.  These 
words  are  nouns  and  the  corresponding  adjectives  are  univalent, 
hiviLlent,  trivalent,  qnadrivalent,  quinquivalent,  sexivalentj  septi- 
valent,  and  octivaleut,     (Accent  on  the  penult.) 

Valence  is  indicated  by  accents  or  Ho  man  numerals  written  to 
the  right  and  above  the  symbol:  thus,  CI",  O",  N^'.C",  P^,  S".  It 
is  mdicated  graphically  by  lines  radiating  from  the  symbol;  thnSj 
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These  lines  represent  the  bonds  or  points  of  attraction  bj 
which  the  atoms  are  held  together  in  the  molecule,  and  in  molec- 
nlar  foraiolas  must  all  be  satisfiod.  Oxygen  has  two  points  and 
hydrogen  one,  and  hence  the  formala  is  H— 0 — H. 

Change  of  Valence, — ^An  element  does  not  alwap  act  with  the 
same  valence.  There  are  two  compounds  of  phosphorus  with 
chlorin,  PCl^  and  PClj,  In  the  first  the  valence  of  the  phospboma 
is  thrt*e,  and  in  the  second  it  is  five*  So  there  are  two  oxids  of 
&alfur,  SO,  and  S0,»  In  the  first  the  valence  of  snlfur  is  four,  and 
in  the  second  it  is  six.  Some  elements  have  but  one  valence. 
Note  the  foDowing  examples; 


Hydrogen  I 
Gold  I,  HI 

Nitrogen    I,  III.  Y 
Chlorin       1,  IK,  V,  VTI 


II.  iv 


Oxygen 

Calcium 

Sulfur     II,  ly,  VI 


Observe  that  in  each  case  the  valence  changes  by  twos.  This 
ham  general  rale,  to  which  there  seem  to  he  exceptions.  Nitro- 
1  geii»  for  example,  apparently  acts  with  valences  I,  II,  III,  IV,  and 
V,  {&  tlie  coniponnds  N,0,  :N,0,  ,  N,0,,  N,0,,  N^O^.  The  second 
■od  fourth  formulas  can  be  so  explained  as  to  bring  them  nnder 
the  rale,  as  we  shall  see  later. 

'  '  3  with  odd  valence  are  osHlei perissads,  and  those  with 

eT£j-  .--^-^u  are  called  arimis* 
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Table  of  Elements. — The  accompanying  table  of  elements  ^ves 
the  njiino.  synilx)l,  valence,  and  atomic  weight  with  reference  to 
both  hy(ln)gon  and  oxygen  acconling  to  the  latest  official  list  of 
the  International  Committee  on  Atomic  Weights  (1904). 

TABLE  OF  ELEMENTS. 

NAUE,  SYMBOL,  VALENCE,   AND  ATOMIC  WKIOHT. 


Name. 


Sym- 
bfil. 


ValeoM. 


Aluminum 

Aiitim»»ny  (Stibium).  .  . 

Arp>n 

Arsenic 

1)ariuin 

i  liMUUt  h 

Uomn 

Hromin 

Cmlmium 

C.Tsium 

(  nlcium 

(ViriKin 

Cerium 

dilorin 

Chromium 

Cobalt   

<'<i]uml>ium  (Niobium)  . 

<n[)|)<»r  (Cuprum) 

Mrbium 

Muoriii 

(Jjulolinium 

<  i.'llliUMi 

(ifnnnnium 

(Jliicimun  (iien'llium).  . 

Ci(»M  (Aurum) 

llcliuiti 

Ilydro^ron 

Indium 

Imlin 

Iridium 

Iron  f  F(Tnmi) , 

Kr\*|)ton 

Lantlianmu 

Loa<l  (Plumbum) 

Lithium 

Majrn(»^ium , 

Manpancvjo 

MercMirv  (llydrargj'nim) 

Molylxicnum 

Nwidymium 

Neon 


.  Al 
Sb 
A 
X» 

Hi 

]i 

I  Hr 

led 

ICa 

!Ca 
C 
C^e 
CI 
Cr 
Co 

id. 

!Cu 
Kr 
V 

'■■  (;.d 
<;i 

Au 
'  He 

I  II 

'  In 

1 

Ir 

I-e 

Kr 

La 

Pb 

Li 

iMp 

"  Mn 

Hp 

M.I 

Nd 

iNe 


III 
III.V 

0 
III.V 
11.  IV 
III.V 

III 

I,  (III.  V.  VII) 

11 

I 
II 

IV.  (II) 
IV 

I,  (III.V,  VII) 

II.  Ill,  IV.  VI 

II,  IV 
III.V 

II,  I 

III 

I 

I.  Ill 
III 

IV.  II 

II 
I  III 

0 

I 
III 

I,  in.  V,  VII 

II,  III,  IV 

II.  III.  IV 

0 

III 

II.  IV 

I 
II 

II,  IV.  (VII) 

II.  (I) 

II,  III.  IV,  VI 

HI 

0 


26.9 

119.3 

39.6 

74.4 

136.4 

201.9 

10.9 

79.36 

111.6 

131.9 

39.8 


27.1 

120.2 

39.9 

76.D 

137.4 

£08.5 

11.0 

79.96 

112.4 

132.9 

40.1 


27 

U9 

49 

7ft 

187 

906 

11 

88 

lU 

188 


139.2 
35.18 
51.7 
58.56 
93.2 
03.1 

164.8 
18.9 

155.0 
69.5 
71.9 
9.03 

195.7 
4.0 
1.0 

113. 1 

125.9 

191.5 
55.5 
81.2 

137.9 

205.35 
0.98 
24.18 
54.6 

198.5 
05.3 

142.5 
19.9 


140.25 

35.45 

52.1 

50.0 

94.0 

63.6 
166.0 

19.05 
156.0 

70.0 

72.5 

9.1 

197.2 

4.0 

1.008 

114.0 

126.85 

193.0 

55.9 

81.8 
138.9 
206.9 
7.03 

24.86 

55.0 
200.0 

96.0 
143.6 

20.0 


14t 
88.5 

59 

94 

68.6 
166 

19 
156 

70 

78.5 

9 

197 

4 

1 

U4 

187 

198 

86 

88 

189 

807 

7 

f* 

58 
960 

96 
148.6 
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TABLE  OF  ELEMENTS— (Con/mti«0. 

Name 

'^S.- 

ValeDce. 

Atomic  Weight. 

te& 

H-1 

0-16 

Nickel 

Ni 

N 

Os 

0 

Pd 

P 

Pt 

K 

P 

Ra 

Rh 

Rb 

Ru 

Sm 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl) 

Tl 

Th 

Tu 

Sn 

Ti 

W 

r 

V 
Xe 

Yb 
Y 
Zn 
Zr 

II,  IV 

III,  I,  V 

II,  III,  IV,  VI,  VIII 

II 

II,  IV 
III,V 
II,  IV 

I 
III 

II 
III 

I 

II,  III,  IV 

III 
III 

II,  IV,  VI 
IV 

I 
I 
II 

II,  IV,  VI 

V 
II,  IV,  VI 

V 

I,  III 

IV,  II 

I 

II,  IV 

IV 

II.  IV,  VI 

IV,  VI 

V,  I,  III 
0 

III 
III 
II 

IV 

58.3 

13.93 
189.6 

16.879 
105.7 

30.77 
193.3 

38.86 
139.4 
223.3 
102.2 

84.8 
100.9 
148.9 

43.8 

78.6 

28.2 
107.12 

22.88 

86.94 

31.83 
181.6 
126.6 
158.8 
202.6 
230.8 
169.7 
118.1 

47.7 
182.6 
236.7 

50.8 
127.0 
171.7 

88.3 

64.9 

89.9 

58.7 

14.04 

191.0 

16.0 

106.5 

31.0 

194.8 

39.15 

140.5 

225.0 

103.0 

85.4 

101.7 

150.0 

44.1 

79.2 

28.4 

107.93 

23.05 

87.6 

32.07 

183.0 

127.6 

160.0 

204.1 

232.5 

171.0 

119.0 

48.1 

184.0 

238.5 

51.2 

128.0 

173.0 

89.0 

65.4 

90.6 

59 

Nitrogen. .... 

14 

Osmium 

191 

Oxv^en 

16 

Paliudiimi 

107 

Phosphorus 

31 

Platinum 

195 

Potassium  (Kalium).  .  . . 
Praseodymium 

39 
140 

Radiimi 

225 

Rhodium 

103 

Rubidium 

85 

Ruthenium 

101.7 

Samarium 

150 

Scandiimi 

44 

Selenium 

79 

Silicon 

28.4 

Silver  ( Arpentum) 

Sodium  (Natrium) 

Strontium 

108 
23 

87.6 

Sulfur 

32 

Tantalum 

183 

Tellurium 

127.6 

Teri)ium 

160 

Thallium 

204 

Thorium  

ThuUum 

Tin  (Stannum) 

Titanium 

Tungsten  (Wolfram).  . .  . 

Uranium 

Vanadium 

Xenon 

232 
171 
119 

48 
184 
238.6 

51 
128 

Yttert>ium 

173 

Yttrium 

89 

Zinc 

65.4 

Zirconium 

90 
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The  elements  may  be  varionsly  classified  as  follows; 
1*  Metftla  and  Kon-metiils, 

2,  PoBitire  elementa  and  Negative  elements, 

3.  Basic  elements  and  Acidic  elements. 
4-  Periodic  arrangement  of  the  elements. 
The  first  three  furnish  practically  the  same  clasfiification.    The 

metals  are  electro-positive  and  their  hydrozids  are  bases;  the  non- 
metals  are  electro -negative  and  their  hydroxide  are  acids.  The 
first  is  the  clsasitication  which  has  ueually  been  adopted  as  the 
basis  for  treatment  of  the  elements  in  the  chemical  tert-bookSi 
The  second  and  third  are  not  weU  adapted  for  this  purpose,  since 
ail  element  may  be  at  one  time  positive  and  at  another  time  nega- 
tive, and  since  many  elements  are  both  basic  and  acidic.  In  the 
fourth  the  elements  fall  into  natural  groups  which  furnish  an 
excellent  basis  for  systematic  and  exhaustive  study  and  treatment, 

Metals  and  Non-metals. — ^Tlie  metals  possess  properties,  mainly 
physical,  which  arc  known  as  metallic.  They  are  solids  (with  the 
exception  of  mercury),  are  heavy,  melt  at  high  temperatures,  and 
have  metallic  lustre.  The  non-metals  are  destitute  of  metallic 
lustre,  five  of  them  are  gases,  one  is  a  liquid,  the  others  are 
solids,  some  easily,  others  difficultly,  fusible. 

The  line  of  demarkation  between  the  metals  and  non-metals  is 
not  definite.  Several  of  the  elements  partake  of  the  nature  of  both 
and  are  called  mefalloids, 
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Positive    Elements    and    Negative    Elements, — The    electric 

qyality  of  an  element  is  somewhat  dependent  upon  the  other  ele- 
rneot^  with  which  it  may  be  unitetl.  WTien  the  negative  elements 
eombine  ^ith  one  another  one  must  a^ume  a  positive  quality, 
Nearly  all  the  elemejits,  however,  have  such  decidetl  electric  qual* 
ity  that  they  may  be  characterized  as  positive  elements  or  n^gotwe 
demcnis.  The  line  in  the  periodic  table  between  the  metals  and 
tlift  non-metals  also  separates  the  positive  fann  the  n^^ative  ele- 
ments. Elements  near  tlii?^  line  have  both  qualitiejs,  being  some- 
times positive  and  sometimes  negative, 

B&sic  Elements  and  Acidic  Elements, — WTien  united  to  oxygen 
and  hydrogen,  basic  elements  form  bases  and  acidic  elements  form 
acids.  Easiie  elements  are  positive  and  metallic ,  w^hile  acidic 
elements  are  negative  and  non-metallic. 

Periodic  Classification  of  the  Elements. — The  law  of  periodicity 
of  the  elements  was  discovered  independently  by  Newlands  of 
England  in  1863,  Mendeleeff  of  liussia  in  18G9,  and  Lothur 
Meyer  of  Germany  in  1861**     The  law  may  be  stated  thus; 

The  properim  of  the  eiemefUs  are  periodic  fmwtions  of  tkdr 
atomic  wn^hti. 

One  thing  is  a  function  of  another  when  a  change  in  the 
former  produces  a  correBponding  change  in  the  latter*  For 
esample,  carbon  is  a  tetmd  with  atomic  weight  12,  nitrogen  ia  a 
triad  with  atomic  weight  14;  a  change  of  two  in  atomic  weight 
has  produced  a  change  of  one  in  valence.  Lithium  with  atomic 
weight  7  is  positive,  oxygen  with  atomic  weight  16  is  negative;  the 
addition  of  9  to  the  atomic  weight  has  changed  the  electric  quality 
from  po8itiv<5  to  negative- 
Periodicity  implicB  a  variable  which  returns  at  regular  inter- 
Tmls  tb  rough  gimilar  phasci*  As  the  atomic  weight  varies  the 
proiierties  go  tlirongh  a  series  of  changes  in  passing  from  one 
element  to  another  which  repeats  iteelf  at  pretty  regular  intervals. 
Armnging  the  elements  in  the  order  of  the  atomic  weights  and 
taking  the  first  seven,  omitting  hydrogen  and  heliumj  w©  observe 
the  following  facts: 

1.  The  electric  qnality  varies  from  extremely  positiYe  to 
extremely  negative, 

?.  The  valence  increases  regularly  to  four  and  then  decreasoa 
back  to  one. 
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3*  The  chemical  activity  dimiaieheB,  then  increaees. 

4«  The  dUIerence  between  two  suocesBive  atomic  weights  is 
about  two. 

Taking  the  iioxt  seven  elements,  we  observe  the  same  gradation 
of  properties  with  this  additional  remarkable  fact,  that  the  proper- 
ties ure  repeated  in  the  eame  order  in  fiueh  a  way  that  the  eighth 
element  closely  resembles  the  first,  the  ninth  the  second,  the  tenth 
the  thirdj  and  so  on  through  the  series.  In  the  second  series  the 
differoneo  in  successive  atomic  weights  is  alternately  one  and  three* 

The  next  seven  elements  exhibit  the  same  gradation  of  proper- 
ties and  fall  regularly  into  their  places.  Here  the  difference 
between  successive  atomic  weights  is  not  quite  so  regular. 

AIJ  this  is  made  plain  by  the  following  table.  The  elements  in 
the  horizontal  line  constitute  a  series,  those  in  the  vertical  columns 
are  called  groups. 


VaJ«iDOe, 


Boriesl. 


Li  ^    7 


ei  -   9 
Ca=40 


m. 


B    =11 

h\  =  27 
Sc  =44 


IV. 


C  1=  12 
8i  =  2^ 
Ti  =  4B 


m. 


N  ^  14 
P  =  31 
V    =  51 


n. 


O   =  18 
S    =  32 

Cr  =  52 


F  =ig 

Cl  =35,4 
Mn=5S 


Observe  also  that  the  atomic  weights  in  Series  2  are  almost  the 
exact  mean  of  those  between  which  they  stand  in  both  series  and 
group. 

In  Series  3  potassium  and  calcium  fall  in  the  proper  place,  but 
diromium  and  maogaiie&e  present  properties  which  are  quite 
different  from  those  of  the  groups  in  which  they  fall.  Further- 
more, manganese  is  followed  by  three  elements,  iron,  nickel,  and 
cobalt,  neither  of  which  belongs  to  Group  I.  The  next  element* 
copper,  baa  some  resemblance  to  Group  I,  while  selenium  and 
bromiu  fall  properly  in  Groups  YI  and  VIL  It  is  evident  that  Series 
3  and  4  folloflr  a  different  law  from  Series  1  and  2;  but  since  they 
return  into  Group  VII  with  brorain  typical  of  that  groap,  these  two 
6<*ries  artj  taken  together  to  con^itute  a  long  period,  and  iron, 
nickel,  and  cobfdt  are  placed  in  an  eighth  group. 

The  remaining  elements  arrange  themselves  in  similar  long 
periods.     This  is  ail  fully  exhibited  in  the  accompanying  periodic  ^ 
Uble, 
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Ig  this  table  the  recently  diacovered  gases  are  placed  pro- 
visionally in  Group  VllI,  where  they  alternate  with  the  tranaition 
elements  and  fit  in  quite  well.  They  constitute  Siab-gronp  VIII  B 
with  a  valence  0. 

The  iiitmeraus  blanks  represent  elements  not  yet  dlscoyered^ 
whose  properties  should  be  indicated  by  their  position  in  the  table. 
When  the  periodic  law  was  discovered  there  were  three  blanks  in 
the  first  long  period,  now  fiJled  by  scandium,  gallium,  and  ger- 
manium. Mendeleeff  named  these  hypothetical  elements  eka^horan, 
eka^aluminnm,  and  eka-siticon  {eka  is  Sanscrit  for  one),  and  pre- 
dicttd  the  properties  which  they  should  possess.  0  allium  was 
discovered  in  1875  by  Lecoq  de  Boisbaudran,  scandium  by  Ntlson 
in  1879,  and  germanium  by  Winkler  in  1886,  and  these  three 
elements  were  found  to  liave  almost  exactly  the  properties  pre- 
dicted for  them. 

Discussion  of  the  Periodic  Table. — A  study  of  the  properties 
of  the  elements,  only  u  few  of  which  are  directly  shown  in  the 
table,  reveals  many  curious  and  interesting  facta, 

1,  The  atomic  weights  increase  with  regularityj  each  one  being 
approximately  a  mean  between  the  two  adjacent  ones  in  both 
group  and  series, 

2*  The  valence  of  the  groups  aa  indicated  by  the  oxygen  com- 
pounds runs  from  one  to  eight  After  passing  Group  lY  the  val- 
ence as  indicated  by  the  hydrogen  compounds  diminishes  back  to  one 
in  Group  VU,  and  0  in  Group  VIIL  The  elements  which  exhibit 
two  or  more  valences  arc  mainly  in  Groups  V,  VI^  VII,  and  VIIL 

3.  The  greatest  chemical  activity  is  at  the  beginning  and  end 
of  the  series,  the  less  active  elements  being  in  the  middle  of  the 
table  or  in  Group  VIII.  The  activity  diminishes  as  the  atomic 
weight  increases  in  the  negative  eub-groupsj  and  vice  versa  in  the 
positive  sub-groups.  The  odd  series  are  less  active  than  the  even 
series. 

4.  In  electric  quality  each  series  begins  positive  and  ends  nega- 
tive, the  quality  being  less  marked  with  the  intennediate  elements. 
In  the  groups  the  elements  become  more  positive  as  the  atomic 
weight  increases.  In  the  long  periods  the  even  series  are  more 
positive  than  the  odd  series. 

5.  Each  group  contains  a  sub-group  composed  of  the  elements 
of  the  odd  series  which  differ  materially  from  the  other  members  of 
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tbe  group.  These  are  more  negative,  form  eaeily  reduciblo  oiida, 
aiid  are  more  typically  metallic  m  character. 

6.  The  negative  elements  are  gathered  at  the  upper  right-hand 
corner  of  the  table,  A  line  drawn  from  boron  to  tungsten,  m 
shown  in  the  table,  sepaiuites  tbe  positive  from  the  negative  ele- 
ments, the  metals  from  the  non-melala. 

Density  and  Atomic  Volume » — The  periodicity  ie  seen  in  various 
other  properties,  such  as  density  or  specific  gravity,  atomic  volume, 
melting-point  I  maUeabilifcy,  ductility,  volatility,  etc.  In  nonep 
however,  is  it  more  marked  than  in  density  and  atomic  volume. 

The  atomic  volume  is  the  quotient  obtained  by  dividing  the 
atomic  weight  by  the  density.  This  means  that  a  number  of  grams 
of  an  element  equal  to  its  atomic  wei^^ht  occupies  a  number  of 
cubic  centimeters  equal  to  its  atomic  volume*  For  example,  the 
atomic  weight  of  gold  is  197,  its  density  is  19.3,  and  its  atomic 
volume  10*1.  Therefore  197  grams  of  gold  occupy  10.1  cc*  The 
periodicity  of  deusity  and  atomic  volume  are  well  shown  in  the  ac- 
companying diiigram.  Note  that  as  one  goes  up  the  other  goes 
down. 

Examining  the  diagram  of  atomic  volumes,  we  observe  the  fol- 
lowing facts: 

1,  The  alkali  metals,  lithium,  sodium,  potassium,  rubidium*  and 
csesinm  are  at  the  highest  points  of  the  curve, 

2,  The  metals  of  Group  VIII  are  at  the  lowest  points  of  the 
long  periods. 

3,  The  positive  elements  are  on  the  descending  and  the  nega- 
tive ones  on  the  ascending  arms  of  the  curve, 

4,  The  gaseous,  volatile,  and  easily  fusible  elements  are  on 
the  ascending  portions,  while  the  non* volatile,  difficultly  fusible 
ones  are  on  the  descending  portions  or  near  the  lowest  points, 

5,  Some  of  the  properties,  such  as  malleability  and  electric 
qnality,  change  twice  in  the  long  periods.  In  the  first  long  period 
vre  have  K  and  Ca  malleable,  Y,  Cr,  Mn  brittle.  Fe,  On,  Zn  mal- 
leable, then  As  and  Be  brittle.  So  also  in  the  first  and  second  long 
periof^s  Or  and  Mo  are  nejrative,  though  on  the  descending  arm. 

Normal  and  Acidic  Valence,— By  reference  to  the  periodic  table 
it  wnll  be  seen  that,  in  paflsing  from  group  to  srronp,  valence  rises 
to  4,  then  continues  to  rise  to  8  or  falls  to  0,  This  may  he  illustrated 
by  the  following  diagram. 
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Elemetita  of  the  first  four  groups  rarely  aot  with  any  otbef 
Talenee  thaa  tbut  corresponding  to  t!K>  number  of  the  group.  In 
Groups  Vj  VI,  VII,  aod  VIII  the  more  common  valence  and  the  one 
which  alwaya  occurs  when  the  element  acts  as  the  Begativc  in  biuary 
compounds  is  the  lower  one.  The  series,  tlserefore,  1^  2,  3,  4,  B,  3» 
1,  0,  may  he  called  the  nonnal  valence.  The  last  belongs  ouly  to 
the  gases  in  Group  VIII  B, 

In  the  last  six  groups  the  highest  valence  is  the  one  with  which 
the  most  common  and  most  stable  acid  is  formed.  We  may  call 
djjs,  therefore,  the  acidic  videnct^  and  it  corresponds  to  the  number 
of  the  group.  Acids,  and  also  bimtry  eomponuda  containing  IheBO 
elements  actinia  as  positivGS,  are  formed  with  all  valences  between 
the  nonnal  and  the  acidic. 

^M  Defects  of  the  Periodic  System.— While  the  periodic  law  was 
one  «>f  the  nioiit  important  discoveries  In  chemLstr}^  and  to-day 
furnii^hc*  the  bt*6t  aufl  most  scientific  elasBification  of  the  elements, 
it  mnst  be  noted  that  the  s}-steni  is  by  no  mearbs  perfect.  Tlie  fact 
that  copper,  Kilvcfj  and  gold  have  m  few  properties  in  common 
with  the  alkali  metals  haB  been  re^artled  by  some  as  a  fatal  defect. 
If  we  oljserve,  however,  that  each  group  pr^eut^  similar  discrepan- 
cie?t  wc  may  conclude  that  this  variation  Is  a  part  of  the  system 
wid  not  a  defect.  In  manganese  we  have  an  element  which  has 
few  resemblanceH  to  the  halogeiLs;  telhiriutn  has  an  atomic  weight 
too  liwgc  for  tlie  place  where  ils  chemical  afQnitieB  show  it  to  belong; 
bydit)geti,  one  of  the  most  im|>ortant  of  the  elements,  finds  no  suit- 
Able  resting  place;  and  the  helioids  fit  but  poorly  into  the  scheme. 
The  tty&leni,  however,  satisfies  and  explains  such  a  multitude  of 
fiWJte  that  we  may  well  conclude  that  the  apparent  defects  are 
really  due  to  our  imi)crfe<'t  knowledge  of  the  atomic  weight^  and 
pm^»crties  of  the  element*^,  and  that  ^dth  due  modifiration  it  will 
be  ffJUJid  to  represent  truly  a  great  law  of  nature. 
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CHAPTER  VLI. 
MOLECULES  AND  COMPOUNDa 

Theory  of  Molecules. — The  conduct  of  gases,  the  action  of  liquid 

films,  and  luany  phenomena  of  light  and  electricity  lead  to  the 
theor>'  that  matter  is  not  continuous,  but  is  composed  of  discrete 
particles  which  remain  undivideil  as  long  as  the  substance  retains 
its  identity.  Tliese  particles  are  called  vwlectdes.  This  theoiy 
harmonizes  well  with  chemical  facts  and  is  generally  accepted. 
Tlie  molecule  is  composed  of  the  still  smaller  particles  called  atoms, 
which  arc  held  together  by  a  force  called  cJiemical  affinity,  chemical 
attraction,  or  chcmism.  According  to  the  laws  of  combination  by 
weight,  the  molecule  must  contain  a  definite  number  of  atoms  ci 
each  kind,  and  the  weight  of  the  molecule  will  be  equal  to  the  sum 
of  the  weights  of  its  atoms.  To  obtain  this  molecular  weight  we 
must  know  how  many  atoms  of  each  element  enters  the  molecule. 

Law  of  Combination  by  Volume. — In  180S  Joseph  Louis  Gay- 
Lussac,  a  J'Veiirh  chemist,  discovered  the  law  that  gases  combine 
chemicaUij  in  simple  proportions  by  volume  and  that  the  restdting 
volume  bears  a  simple  ]yro])ortion  to  the  original  volume.    This  is 
known  as  the  law  of  Gai/-Lv^sac.    For  example,  hydrogen  and 
chlorin  combine  volume  to  volume  to  make  two  volumes  of  hydro- 
gen chlorid;    hydrogen  and  oxygen  combine  two  volumes  of  t)* 
first  to  one  of  the  second  to  make  two  volumes  of  steam;  and  tl" 
volumes  of  hydrogen  combine  with  one  volume  of  nitrogen  to  m 
two  volumes  of  ammonia. 

Hypothesis  or  Law  of  Avogadro. — In  order  to  explain  tl* 
of  Gay-Lussao,  Amadeo  Avogadro,  an  Italian  ph>nsicist,  ii 
and  Andr6  Marie  Ampere,  a  French  ])hysicist,  independei 
1812  propose<:l  the  hypothesis  that  equal  volumes  of  all  goMf 
same  temperature   and  under  the  same  pressure  contain 
number  of  molecides,  or  that  all  gaseous  molecules  under  I 
tions  are  of  the  same  size.    This  hypothesis,  commonly  i 
law  of  Avogadro  or  of  Amplrey  is  supported  by  so  many 
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has  been  so  helpful  to  chemists  that  it  is  generally  recognized  as 

an  established  law  or  theory.     It  enables  us  to  determine  (1)  the 
molecubr  weight  and  (2)  the  number  of  atoms  ia  the  molecule, 

1.  If  equal  volumes  of  two  ga^es  contain  the  same  number  of 
molecules,  the  molecular  weights  of  the  gases  will  be  proportional 
lu  the  weii^htfi  of  the  equal  vohimes,  or  to  the  densities  of  Uie 
gaseg,  1/  m  and  m'  are  the  molecular  weights  and  d  and  d'  the 
densities  of  the  two  gases,  then 


VI : nf ;  id: d\    or    'j—^t^^  constant. 


For  hydrogen  <i'=l  and  in'=2,  m  shown  below,  and  therefore 


—-=--=2,    or    m=2a,    and    ^="5"- 


That  is,  the  moleadar  welghl  of  any  suttstance  is  efptcd  to  ittnce  Us  gas 
densily  refrm-d  io  hydrogm,  and  c/fnmrschj  the  ffas  density  i$  equal 
tu  half  the  molrcuiar  ueitjfiL 

U  the  gubstance  dissociates  at  the  temperature  of  the  experi- 
ment, the  dem^lty  obtained  will  be  intemie^liate  between  the  den- 
sitit^  of  the  ^^ubst^nce  and  of  the  part^  into  whicth  it  dissociates. 
The  true  density  may  theti  be  obtained  by  ascertaining  the  degree 
of  triiistjciation  and  making  proper  computation;  or  by  securing 
eomplete  di^iociatiuu  and  detemiining  the  deui^ity  of  the  parta 
separately. 

2.  One  volume  of  hydrogen  combines  with  one  volume  of  chlo- 
rid  to  make  two  volumes  of  hydrogen  chlorid,  or  one  molecule 
ftymbine^  with  one  molecule  to  make  two  molecule.  Since  the 
two  nK»Ieeul(s  of  hydrogen  chlorid  contain  e^ich  one  atom  of 
liydnigen,  the  molecule  of  hydrogen  must  have  contained  two 
alc»tni<,  and  for  like  reason  the  molecule  of  chlorin  must  have  con- 
tained two  atoms,  Tliis  is  fully  expressed  in  the  following  equa- 
lion: 

H,    +    a,    =2HCL 
^^m  2  vols. +2  vols.  ^ 4  vols, 

■  The  iBolccoles  of  hydrogen  and  chlorin  are  therefore  diatomic  and 
I    the  molecular  weight  of  hydrogen  is  2, 


mSGAitia  cHEMismr. 


If  the  hydrogen  atom  be  taken  as  the  unit,  the  vt^liune  of  the 

hydrogen  mcjlecule  will  Ik?  2,  and  sinc^e  all  molecules  are  of  the  fianie 
size,  the  molecular  vohinie  of  any  iiubstance  in  the  gai^eoujs  state 
and  under  standard  conditions  will  be  2. 

Elemeiital  Molecules* — An  elcmeiita!  molecule  is  one  which 
contains  oidy  f>ru'  kind  of  at^iins.  Atoms  do  not  readily  exist  free, 
but  tentl  always  to  imite  to  form  molecules,  even  though  they  be 
like.  There  will  therefore  l>e  at  least  as  many  kinds  of  elemental 
molecule^'  as  there  are  elements.  There  are  actually  more,  because 
Bome  of  the  element-s  form  molecidea  sometimes  with  one  and 
sometimes  with  another  inunher  of  atoULs,  Ordinary  oxygen,  for 
example,  has  two  atoiii!^  in  the  ni(jk*euk%  Oa,  while  in  the  fomj  of 
ozone  it  has  three,  O^, 

Tlie  atomicity  of  the  elemental  molecule,  i.c,,  the  number  of 
atoms  it  contains,  has  been  exjierimentally  detemiineil  for  Home 
twenty-five  of  the  elements.  The  prevailing  number  among  the 
metals  is  one  and  among  the  non-metals  tw'o*  The  at4>nucity  is 
st}mewhat  dependent  uiKin  the  temperature.  Sulfur,  for  example, 
at  500^  is  hexatomic,  while  abive  800°  it  Ls  diatomic. 

The  atomicity  of  elemental  mfvlecules  a^o  far  as  it  hm  been 
experimentally  determined  Is  as  follows: 

hfonatomic^ — Sodium,  potassium,  zinc,  cmlmium,  mercury^ 
iodin  (at  about  1.500°),  bromin  (at  about  1800^),  bi&muth,  helium, 
argon  J  neon,  krypton,  xenon. 

Diatomic, — Hydrogen,  chlorin,  bromin,  iodin  (200°  to  about 
1000^),  oxygen,  sulfur  {above  800°),  selenium  (above  1200''),  tel- 
lurium, nitrogen^  phosphonis  (at  white  heat),  anseiiic  (at  white 
heat),  thalliurn  (at  1730*^). 

I'riatomic. — Oxygen  as  ozone,  selenium  (at  800°), 

Teiratomie. — Phosiihoms,  arseiuc  {at  near  white  he^it). 

Hexatomic.-^ulfuT  (at  5CX)°). 

Odatojnic, — Sulfur  (at  173^  and  under  2  tmn.  prestfure). 

The  names  of  elemental  molecndes  are  the  same  as  the  names 
of  the  elements,  They  are  wTitten  by  indicating  in  the  usual  way 
the  number  of  atoms  in  the  molecule,  Na  represents  both  an 
atom  and  a  molecule  of  Bodium;  H,,  0„  and  Pj  are  molecules  ni 
hydrogen,  ozone,  and  phosphorus  respectively, 

Allotropy. — Certain  elements  possess  the  property  of  existing 
in  two  or  more  fomxs  which  exhibit  marked   differences    boib 
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physical  and  chemical.  This  property  is  called  dlloVropy^  and  the 
more  nncommon  form  is  called  the  allotropic  modification^  or 
aUotrope,  of  the  other.  Ozone  is  the  allotrope  of  oxygen;  diamond, 
graphite,  and  charcoal  are  allotropic  modifications  of  carbon;  and 
solfar  exists  in  no  less  than  four  forms.  These  allotropic  forms 
are  probably  dne  to  difference  in  number  (and  possibly  arrange- 
ment) of  the  atoms  in  the  elemental  molecules. 

The  Nascent  State. — Certain  elements,  as  hydrp^en,  oxygen, 
chlorin,  and  so  forth,  when  just  being  set  free  from  tbeir  com- 
pounds, exhibit  greater  chemical  activity  than  the/  possess  after 
having  stood  for  a  time.  This  is  called  the  nascent  state,  and  such 
actions  are  ca^ed  nascent  actions.  If,  for  example,  hydrogen  is 
passed  through  water  containing  silver  chlorid  in  suspension, 
there  is  no  actio^;  but  if  the  hydrogen  be  generated  in  the  vessel, 
the  silver  chlorid  is  rapidly  decomposed  with  the  production  of 
silver  and  hydrochloric  acid. 

The  activity  of  the  nascent  element  is  probably  due  to  the  fact 
that  the  atoms  are  mainly  in  the  form  of  free  ions,^not  having  had 
tin^  to  gather  together  into  molecules.  The  nascent  state  is, 
therefore,  a  special  form  of  allot'ropism. 

Compound  Molecules. — A  compound  molecule  is  one  which 
contains  two  or  more  kinds  of  atoms/  All  such  chemical  com- 
]  yninations  are  called  compounds.  These  must  be  carefully  distin- 
guished from  mixtures.  In  a  mixture  the  different  molecules  of 
two  or  more  substances  are  intermingled,  but  may  be  separated  by 
proper  means,  each  substance  remaining  unchanged.  From  a 
mixture  of  salt  and  sand  the  salt  may  be  dissolved  out  with  water, 
leaving  the  sand.  From  a  mixture  of  iron  filings  and  sulfur  the 
iron  may  be  removed  with  a  magnet.  In  a  compound  there  is 
but  one  kind  of  molecules,  and  if  they  are  divided  the  identity  of 
the  substance  is  diastroyed.  Heat  in  a  test-tube  a  mixture  of  iron 
filings  and  sulfur.  Action  takes  place,  the  iron  and  sulfur  unite, 
and  we  have  the  compound  iron  sulfid,  FeS.  Iron  and  sulfur  as 
such  have  both  disappeared  and  they  can  no  longer  be  separated 
by  the  magnet. 

Molecular  Compounds. — There  is  a  class  of  compounds  in 
which  two  or  more  molecules  are  somewhat  loosely  united,  forming 
what  are  called  molecular  compounds.  Such  molecules  may  often 
be  separated  without  changing  them  chemically.     In  molecular 
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compounds  the  parts  are  separated  by  comnmsi  An  escample  is 
coinnion  alum,  whose  fonniila  we  i^tite  Al^(SO JjjJCjH04,24HjO, 

Radicals. — Atoms  have  a  tendency  to  form  grotips^  with  one  or 
more  points  unsatisfied.  Such  groups  are  calleti  Radieah,  They 
act  like  sbigle  at^ms^  cnt'Cring  mt^o  and  leaving  roni] rounds  with- 
out breaking  tip.  They  have  valentre  and  electric  quality  like 
atonis.  Hydroxyl,  (HO)',  is  a  univalent  negative  radical ;  cyanogen, 
(CN)',  i^  a  univalent  negative  radical:  methyl,  (Clla)',  is  a  uni- 
valent positive  radical;  earb<inyl,  (CO)",  k  bivalent  and  pfjsitive. 
The  name  of  a  radical  usually  ends  in  yL  In  solution  and  in  elec- 
trolytic denompasition  radicals  usually  separate  as  ions. 

Ions. — Most  substances  separate  in  solution  into  two  or  mora 
parts  called  iom,  each  of  which  carri^  a  charge  of  electricity  posi- 
tive or  nr^ative^  Ions  may  be  vlemental^  corres? ponding  t^o  atoms, 
or  copijdcXf  corresponding  to  radicals,  \^licn  the  electric  chaise  is 
removed  they  assume  the  molecular  condition*  The  valence  of 
ions  is  the  same  as  that  of  the  atoms  or  radicals  which  they  repre- 
sent, and  the  amount  of  electricity  carried  by  each  \s  96,530  cou- 
lombs per  gram-equivalent  for  each  point  of  valence. 

To  cxpr(^5s  ions,  aa  many  points  or  accents  are  added  to  the 
symbol  or  formula  as  represent  the  valence  of  the  ion,  the  poiiita 
meaning  positive  ions  and  the  accents  n^attve  ions.    Sf*raetimes 

the  plus  and  minus  signs  are  used.    H*  or  H  is  the  positive  hydro- 

^  + 
gen  ion,  BO/'  or  ^O^  Is  the  negative,  bivalent  sulfate  ion.     An 

ionized  molecule  may  be  represented  by  placing  a  comma  between 

the  ioas;  as,  Na".NOa'. 

Naming  of  Ions.~A  very  simple  method  of  naming  ions  m  to 
associate  ^Hth  the  word  ion  the  name  of  the  element  or  ramcal  or 
some  part  of  the  name  of  the  compound.  A  few  exani]>lcs  will 
illustrate:  Na',  sodium  ion  or  sodion;  Fe"%  ferrous  ion;  Fe"",  ferric 
ion;  CI',  ehlorid  ion ;  IIO',  hydroxyl  ion ;  NO/,  nitrate  ion ;  80/',  sul- 
fate ion ;  SO/',  sulfite  ion.  The  electric  quality  may  afeo  be  indi- 
eatetl  in  the  name;  as/Cu'**,  cupric  cation;  CIO/,  chlorate  anion. 

Molecular  Weight.— Molecular  weiglxt  m  the  weight  of  the  mole^ 
cule  as  compared  with  the  weight  of  an  atom  of  hytlrogen.  It  is 
equal  to  the  sum  of  the  weights  of  the  atoms  in  the  molecule  and 
also  equal  to  twice  the  gas  density.  The  term  formula  wmgH  is 
applied  to  molecules,  ions,  or  radicals. 
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Molecular  quaviUy  is  a  quantity  of  any  substance  in  grams 
equal  to  its  molecular  weight.  This  is  called  a  gram-molecvlar  weight 
or  simply  a  moL    A  mol  of  water  is  (1  + 1 4-16=  18)  18  grams. 

Vciume  of  a  Mol. — A  mol  of  hydrogen  is  2  grams,  and  a  liter 
weighs  0.08995  gram.  The  volume  of  a  mol  of  hydrogen  is  there- 
fore 2  H-  0.08995 = 22.24  liters.  A  mol  of  any  other  gas  under  stand- 
ard conditions  occupies  the  same  volume,  since  gaseous  molecules 
are  all  of  the  same  size. 

Atomic  quantity  is  a  quantity  in  grams  equal  to  the  atomic 
weight.    An  atomic  quantity  of  oxygen  is  16  grams. 

Eqmvalent  weight  or  gram-equivalent  is  a  quantity  in  grams  equal 
to  the  sum  of  the  atomic  weights  in  a  radical  or  ion,  or  to  the 
quantity  obtained  by  dividing  the  molecular  weight  by  the  niun- 
ber  of  hydrogen  atoms  to  which  the  molecule  corresponds;  that  is, 
the  basicity  of  an  acid,  the  acidity  of  a  base,  the  valence  of  the  acid 
radical  in  a  salt,  etc.  The  following  are  examples  of  equivalent 
weights :  Ha= 36.5,  S0/'=  ^(96)  =  48,  H3P04= §(98)  =  32.7, 
Ba(HO),=  i(171)  =  85.5,  a'  =  35.5,  Ca"=i(40)  =  20. 

Detennifiation  of  Molecular  Weight. — The  analysis  of  a  com- 
pound gives  simply  the  proportion  in  which  the  constituents  enter 
it.  The  molecular  weight  is  either  the  sum  of  the  combining 
weights  or  some  multiple  of  this  sum.  To  determine  which  num- 
ber represents  the  molecular  weight  there  are  several  methods. 

1.  By  Density. — Determine  the  gas  density  of  the  substance 
with  reference  to  hydrogen  and  multiply  the  result  by  2.  The 
product  is  the  molecular  weight.     See  law  of  Avogadro. 

2.  By  Molecular  Heat. — Determine  the  molecular  heat,  then 
take  such  a  multiple  of  the  combining  weights  as  will  make  the 
sum  of  the  atomic  heats  equal  the  molecular  heat.  See  law  of 
Dulong  and  Petit. 

3.  By  Freezing-point  of  Solutions. — The  depression  of  the 
freezing-point  has  been  found  to  be  the  same  for  all  equimolecular 
solutions ;  that  is,  solutions  which  contain  quantities  of  compounds 
proportional  to  their  molecular  weights.  See  molecular  weight  by 
freezing-point. 

4.  By  Boiling-point  of  Solutions. — The  elevation  of  the  boiling- 
point  of  solutions  has  a  fixed  relation  to  the  molecular  weight  of 
the  dissolved  substance.    See  molecular  weight  by  boiling-point. 
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In  all  thcsse  iiiothods  due  allowance  must  be  made  for  dissociar 
X\(\\\. 

Molecular  Formula.— The  analy.sis  of  water  shows  that  it  con- 
lain.s  hvflnipon  and  oxygen  in  the  proportion  1  to  8  or  2  to  16. 
J^irifo  the  atomic  weight  of  hydn)gen  is  1  and  that  of  oxygen  16, 
the  relative  number  of  atonLs  in  the  molecule  will  be  2  to  1,  and 
thf  formula  will  1k»  HjO.  In  hydrogen  peroxid  the  proportion  of 
Iiydni^en  to  oxygen  is  I  to  16,  or  by  atoms  1  to  1,  and  the  formula 
i>  H<).  These  are  ealle«l  empiricai  fomiulaa  and  may  or  may  not 
l)e  I  Ik*  vioU'cular  formulas.  The  gas  density  of  water  is  9,  the  molec- 
ular weight  is  therefore  IS,  which  corresponds  to  the  formula  H,0. 
Th(;  cl(»nsity  of  hy<ln»gen  penixid  l<  17,  its  molecular  weight  34, 
and  the  e<»rn»siH>n<ling  fomiula  is  HjO^.  The  molecular  formulas 
of  water  aiul  liydrogen  peroxid  are  therefore  H^O  and  H,0,.  In 
like  manner  other  mnleeular  foniiula.s  arc  determined. 

Structural  Formulas. — Structural  or  graphic  formulas  attempt 
to  .-liow  how  the  atoms  are  arranged  in  the  molecule.  They  are 
o]it:diM-cl  hy  studying  (1)  molecular  formulas,  (2)  valence,  (3)  chem- 
irjil  proprTties  and  reactions.  (I)  the  formation  and  decomposition 
of  enrnpnunds.  beginning  with  the  simpler  molecules  which  can 
Iiavc  but  r»ne  ^tnicture  and  ]>assiiig  stej)  by  step  to  the  more  com- 
|»le\  fonny.     Tlie  following  are  e.\amj)l(*s: 

II     (1     II     ()     n      H  -<)-K     Ca-O     Na— O— X^. 

The  liiif--  rninwcrmL:  the  symbols  repn^sent  points  of  valence 
W'licri   t\\r>   -trurUires  are  ]»ossibl<',   that   is  chosen  whi( 
aemrds   wiili   tlie  j»ro])rTtirs  of  tile  comixnunl.     The  for 
>laked  linir  mav  be  w  rii  irn  II     <»  -Ca     O — II  orH — Ca — ^ 
That  the  iitvt  is  mrreet  i-  .-^Iuuvti  by  the  analogy  of  the 
to  |)ota>.~inin  liydroxid.  whirl i  can  ordy  be  written  K — ' 
radical  (>II  beiiii:;  characteristic  of  basis. 

\\'1h'!i  a  formula  can  have  more  than  one  struct! 
lirues   n-j)re>ents  two  or  more  com|)ounds.     Such  sv 
-aid   to  be   t'stnmi'if.     Isomerism  i>  not  eonunon  am' 
sub.^tances,    but    there    are    numerous   organic    con 
pre-sent  two  or  more  isomers.     Kxamples  are: 
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H    H 

I      I 
Ethyl  alcohol,  H— C— C— O— H;    Methyl  ether,  H 


JA 


Stereochemistry. — The  structural  formula  written  in   a   plane 
shows  only  how  the  atoms  are  connected  in  accordance  with  va- 
lence, and  not  their  actual  relative  positions  in  space.    We  write 
H 

marsh-gas  H-^-C — ^H,  while  in  reality  it  is  probable  that  the  four 

hydrogen  atoms  stand  at  the  four  angles  of  a  regular  tetrahedron, 
the  carbon  atom  being  at  its  center.  The  study  of  the  spacial 
arrangement  of  the  atoms  in  the  molecule  is  called  Stereochemistry 
(Greek  siereoSj  solid).  The  subject  is  rather  difficult  because  it 
involves  complicated  geometric  figures. 

Classification  of  Compotinds. — Most  inorganic  compounds  may 
be  arranged  in  two  classes,  Binaries  and  Ternaries, 

A  binary  compound  is  one  in  which  two  kinds  of  atoms  or 
radicals  are  directly  united,  as  Na — CI,  Fe^O,  (NHJ — CI.  In 
each  case  the  one  part  is  positive  and  the  other  negative,  and  no 
two  like  atoms  are  united. 

A  ternary  compound  is  one  in  which  two  kinds  of  atoms  or 
radicals  are  united  or  linked  together  by  means  of  a  third  element, 
as  K— 0— H,  CI— 0— H,  K— 0— N.  Here  0  is  the  linking 
element.  • 

In  a  sense  all  compounds  may  be  regarded  as  binaries  formed 
by  the  union  of  two  atoms  or  radical^,  the  one  positive  and  the 
other  negative.    In  electrolysis  these  two  parts  constitute  the  ions. 

Binary  Compounds. — In  general  each  one  of  the  positive  ele- 
ments may  unite  to  each  one  of  the  negative  elements  to  form 
binary  compounds.  Thus  we  have  compounds  of  lithium,  sodium, 
.potassium,  magnesium,  and  calcium  with  chlorin,  bromin,  iodin, 
sulfur,  and  so  forth.  The  negative  elements  also  combine  readily 
with  one  another.  We  have  compounds  of  nitrogen,  phosphorus, 
arsenic,  and  sulfur  with  oxygen,  chlorin,  bromin,  iodin,  and  so 
forth.     Two  positive  elements  do  not  readily  unite. 

Naming  of  Binaries. — The  names  of  chemical  compounds  are 
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derived  from  their  constituent  atoms  or  radioak.  The  role  for 
naming  binaries  is  as  follows: 

Kmd  the  name  of  the  positive  atom  or  radical  and  then  the  name 
of  the  negative  with  its  termination  changed  to  id.  Examples: 
NaCl,  sodium  chlorid;  CaBr,,  calcium  bromid;  BaO,  barium 
oxid;  Ca,P,,  calcium  phosphid. 

In  binary  compounds  the  negative  element  has  its  nonnal 
valence  which  remains  unchanged,  but  the  positive  may  act  with 
its  several  valences.  Thus  there  are  two  oxids  of  sulfur,  SO,  and 
SO, 9  two  chlorids  of  phosphorus,  PCI,  and  PCI,,  several  oxids  of 
iron,  and  so  forth.  In  this  case  the  name  of  the  positive  is  modi- 
fied to  indicate  the  valence.  The  termination  is  changed  for  the 
lower  valence  to  ous  and  for  the  higher  to  ic     Examples: 

SOi  Sulfurous  oxid  PCU  Phosphorous  chlorid 

SOi  Sulfuric  oxid  PC1»  Phosphoric  chlorid 

Certain  elements  act  with  more  than  two  valences.  In  this 
case  the  prefix  hf/po  with  the  termination  ous  is  used  for  the  lowest 
valence  and  the  prefix  per  with  the  termination  ic  for  the  highest 
Examples: 

FiS  Ferrous sulfid  CUO  Hy])oclilorous oxid 

FeS,  Ferric  sultid  CUOi  Chlorous  oxid 

FcS.  Perforric  sulfid  CUOi  Chloric  oxid 

»  CUOt  Perchloric  oxid 

In  some  cases  there  arc  more  than  four  compounds  ar 
others  there  are  <rertiiin  irregularities  of  valence.     The  nf 
made  definitt^  then,  by  using  Greek  prefixes  to  indicate  the  n 
of  atoms.     Kxamples: 

COa    Carl)oii  dioxid  FeaO»  Diferric  trioxid 

Na()«  Nitrogen  tetroxid  PBr»  Phosphorus  pentab 

Writing  Binary  Formulas. — In  writing  the  formulae 
compouiuls  the  Tiumbor  of  atoms  must  be  so  taken  as  to 
clement  furnisli  tlie  .same  luniiberof  points  of  valence, 
this  numlxT  ii<  erjiial  to  tlie  least  common  multiple  of 
The  synibn]  of  tlie  ]>ositive  is  written  first. 

Three  cases  arise: 

1.   The  valences  are  the  same  and  the  atoms  ur 
Exanii)les  are  taken  from  compounds  of  the  eleme 
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and  VII,  II  and  YI,  in  and  V,  and  of  elements  belonging  to  the 
same  gronp.     See  Periodic  Table. 

Valence  I.  H'F  Li'Cl'  Na'Cl'  K'Br'  KT  Aga'  Axx'CV 
Valence  H.  GrO"  Mg"0"  Oa"S"  Ba"Se"  Cd"(r  8r"8"  Hg"0" 
Valence  III.    B'"N'"    As'"F" 

2.  One  valence  is  a  simple  multiple  of  the  other: 

WO"   Ag.'S"   Hg"I.'    Na,'8"   Mg"Cl,'   0^0,"   8^«0.''   P^OU'  OsviuQ*" 

3.  The  valences  are  incommensurate: 

Ca,"?,"     B,'"0,''     P/0/'     GI.^^t"     A8.'"8.''     Al^O."      Ga.'"0," 

Let  the  student  name  all  the  above  formulas. 

Stnictare*of  Binary  Compounds. — A  few  examples  will  enable 
the  student  to  understand  the  structure  of  these  formulas.  They 
must  be  so  written  that  no  two  like  atoms  are  united  and  that  all 
the  points  are  saturated. 

Under  case  1  above :    H— F    Li— CI    Mg=0    Ca=S    B=N 

>^0 
Under  case  2:    K— O— K     Na— S—Na     0=C=0     0=8=0     0=Sf 

\o 

Under  Case  8 :  Ca=P— Ca— P=Ca     0=B— 0— B=0    S=A8— 8— A8=S 

O^  yyO 

\p_0__P^  . 

Radicals  in  Binaries. — Radicals  occurring  in  binary  compounds 
act  like  elements  and  are  so  treated  in  naming  and  writing 
formulas.     A  few  examples  will  suffice : 

(NH«)  CI'  Ammonium  chlorid         (CrOa)"CU'  Chromyl  chlorid 
Cr(NH,y  Chloramid  (CH,)'I        Methyl  iodid 

Pseudo-valence  and  Free  Radicals.— There  are  certain  com- 
pounds in  which  the  valence  is  not  really  what  it  appears  to  be. 
Hydrogen  peroxid,  11,0, ,  is  an  example.  In  this  formula,  which 
may  be  written  110,  oxygen  seems  to  be  a  monad.  There  are  good 
reasons,  however,  for  believing  that  the  oxygen  is  bivalent  and 
that  the  formula  should  be  written  H — 0 — 0 — H.  That  is,  it  is 
formed  by  the  union  of  two  hydroxyl  radicals,  (HO)'.  Oxygen 
here  is  said  to  be  a  pseudo-ynonad,  and  hydrogen  peroxid  is  free 
hydroxyl. 

There   are   many   similar   compounds,  and  they  are   usually 
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regarded  as  free  radicals  and  so  writtan  as  to  preserve  the  theoret- 
ical Talence*  In  most  cases  the  vapor  density  justifies  the  double 
formula.  When  this  is  not  the  case,  it  is  supposed  that  diasocia- 
tion  has  taken  place  and  that  the  radicals  remain  separate  with 
free  points  of  valence*  A  good  example  is  found  in  the  oxids  of 
nitrogen  J  of  which  there  are  five,  N^O,  NO  or  N^O^  ^  ^fi^ »  ^^% 
or  N,0^,  NjO^t  indicating  valences  one,  two,  three,  four,  and  five, 
and  violating  the  rule  that  valence  varies  by  twos*     If  the  second 

and  fourth  formulas  be  writteE  0=K — N=0  and     ^N — N^^  , 

nitrogen  has  the  valences  three  and  five  respectively,  thus  accord* 
ing  with  the  theory.  For  practical  purposcB  it  is  immaterial 
which  way  the  formula  is  written,  and  it  ia  not  unlrkely  that  the 
law  of  variation  of  valence  by  twos  may  have  exceptions* 

While  it  may  be  said  that  we  write  formulas  according  to 
valence  I  it  must  be  remembered  that  the  valence  comes  from  the 
formula.  We  give  oxj^gen  the  valence  two  because  it  uintes  to 
two  atoms  of  hydrogen,  H^O,  We  say  that  the  valence  of  sulfur 
is  four  because  it  unites  to  two  atoms  of  oxygen,  each  of  which  has 
two  points  of  valence,  8^^  O^'', 

Acids,  Bases,  and  Salts. — Most  inorganic  compounds  can  be 
arranged  in  accorcknce  with  their  chemical  properties  in  three 
ci&B^es»  acids,  bases,  and  mUs.  Tliese  compounds  all  ionize  more 
or  less  in  solution  and  the  properties  depend  upon  common  ot  sinii* 
lar  ions. 

An  acid  is  a  compound  which  in  sDliition  ionizes,  yielding  the 
positive  hydrogen  ion  H'  and  a  negative  ion  simple  or  complex, 
If  the  negative  ion  is  simple  the  acid  is  binarj* ;  if  it  is  complex  the 
acid  ia  ternary, 

Eifl-mples.— nydrochJoric  add,  HC1-H'  +  CI\  binary;  mtric  acad, 
HNO,=  H'  +  NOj',  tenmiy;   sulfuric  ndd,  H^SO^=n^ +  11' +80/^  tt^ruary. 

The  hydrogen  imi  is  chara4:temiic  of  tk^  add.  Acids  turn  vege- 
table blues  red ,  and  this  is  knowm  as  the  add  react  ion. 

A  base  is  a  compound  which  in  solution  ionises,  yielding  a  posi* 
tive  ion  usually  simple  and  the  negative  hydroxyl  ion,  HO'.  Bases 
are  all  ternary* 
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EsmznpUt. — Potaeiium  hydroxid,  KHO*?»  K' +  HO';  caldum  hydroxide 
Cii(HO),  =  Cft  +  HO'  +  HO'. 

The  kydroxyl  ion  w  characteristic  of  the  base.  Bases  turn  vege- 
table reds  blue,  or  restore  the  biue  color  when  it  has  been  changed 
to  red  by  acids.    Thia  is  called  the  alkuHne  rmcH(m. 

A  mU  is  a  (^ompotind  which  ionizes  in  solution ,  yielding  a  posi- 
tive ion.  usually  simple,  and  a  negative  ion,  simple  or  complex. 
If  the  iif^ative  ion  is  simple  the  salt  is  bin&n^  if  it  is  complex  the 
salt  ie  ternary. 

E^unplfs. — Bodium  chlorid,  NaCl^Xa  +CT,  binary;  potaasiyra  nitrate, 
KN<V=K  +N'iV,  ternary. 

In  a  salt  there  is  no  characteristic  inn.  The  cathion  is  the  ion 
of  a  base  and  the  anion  is  the  ion  of  an  acid.  The  reaction  of  a 
normal  snlt  is  mtitralf  that  is,  neither  acid  nor  alkaline. 

Binary  Acids. — The  comix>unds  of  hydrogen  w^ith  vent^  n na- 
tive elements  dissociate  in  solution,  yielding  Imlrogon  inns,  and  are 
called  binary'  acids.  The  t>^ical  binar^^  acids  are  the  hydrogen 
conipounds  of  the  halogens,  Group  VII  B,  viz.: 


HF    Hydrofluoric  acid 
HHt  Hydrobromic  acid 


Hi*l  Hydrot^hlodc  acM 
HI    Hydtiodic  acid 


Theec  are  all  c(»k^rlesB  gases  which  fonn  acid  solutions  in 
water.  * 

Ifi  like  manner,  the  hydrogen  compoundB  of  the  sulfoids, 
Group  VI  Fi,  may  be  regarded  as  weak  acids,    Tliey  are; 


HjO  Hydrogt?ti  oxiil  (water) 
HjSe  iiydnigen  ^denid 


Hr^    HydroKen  sulfid 
H,Te  Hydrogen  t  el  lurid 


^lat 


Of  these  the  first  is  water  and  the  other  three  are  colorless 
soluble  in  water,  and  all  possess  at  least  one  acid  character, 
of  exchanging  hydrtjgen  for  a  metah 

The  hydK>gen  compourids  of  the  nttroids,  Group  V  B,  are 

11^  Ammonia     H^  Phosphine     H^Ka  Afdne     H^b  Sttbiiae 

Tht*se  are  till  colorless  ga^ie?,  and  the  last  three  are  scarcely 
tioluble  in  water*  Ammonia  is  the  most  soluble  of  all  gases,  and 
itM  fiolution  in  w^ter  la  strongly  alkaline.    It  has  been  recently 


66 


I^'ORQAmC  CnEMISTET, 


tCto.  vn. 


shown,  however,  by  Frenzel  that  liquid  ammonia  is  a  weak  tri- 
basic  acid. 

In  the  hydrogen  compounds  of  Group  IV  the  acid  character 
does  not  appear  unle^^s  it  be  evidenced  by  such  compounds  as  zinc 
methyl,  Zu(CB^)^. 

Binary  Salts. — Positive  elements  and  radicals  replace  the 
hydrogen  of  the  binar>'  acids  to  fomi  binar}^  gaits.  They  agree  in 
general  properties  ivith  the  ternary  salts.  The  t>'pical  ones  are 
the  fiuorids,  chlorids,  bromids,  and  iodids.  In  dissociating  they 
yield  elemental  anions. 

Ternary  Compounds. — Tliere  are  three  groups  of  elements 
which  perform  the  linking  function  in  temar>^  compounds,  viz.: 

1,  Tlie  dyads  oxygen,  sulfur,  selenium,  and  tellurium.  Oxygen 
forms  the  tj^ical  acids,  bases,  and  salts;  sulfur  fomas  the  tldocom- 
pounds^  and  the  prefixes  selen  and  tellur  are  used  with  the  com- 
pounds of  selenium  and  tellurinm. 

2,  The  halogens  fluorin,  chlorin,  bromin,  and  iodin,  two  atoms 
or  a  double  atom  acting  with  a  valence  11  to  link  the  other  atoms 
together.    Tliese  are  called  haloacids  and  halosalts. 

3,  Tlie  triads  nitrogen,  ph<isphorus,  and  arsenic.  These  com- 
pounds are  known  as  ammonia,  phosphin,  and  ar^in  derivativeSp 
and  are  not  fretiuently  met  "vdih  in  inorganic  ehemistr>^ 

Of  aU  these  compounds  those  containing  oxygen  are  the  most 

numerous  and  most  important.    They  fall  into  three  classes,  OKy<^^f 
aeicis,  nxybases,  and  oxysalts,  or  simply  acids,  bases,  and  salts.     ^* 

Acids. — WTien  the  woni  acid  is  used  it  means  a  binar)."  acid  or 
an  ox^^acid.    The  binar>^  acids  have  already  been  consideretL 

An  oxi/acid  is  one  i7i  wfdch  hi/drogen  is  lirrked  by  oxygen  to  a 
negaiiix  danent  or  radical;  as,  hypochlorous  acitl,  H^ — O— CI;  aiitric 
acid*  H — O — NOj.  lt<lisst»ciates  into  the  liydrogen  ion  and  a  com* 
plex  oxygenated  negative  ion;  as,  HK03=H"  +  N0/, 

Naming  of  Acids.^ — Acids  are  named  from  the  characteristic 
negative  element  or  radicaL  To  this  is  given  the  terminations  ous 
and  ic  with  the  prefixes  ht^po  and  per  to  indicate  valence  as  in  the 
naming  of  binaries.     Examples: 


HCrO     Hypochlorous  acid 
HCr'Oi  Chlorous  acid 
HCl^O.    Chloric  acid 
HCi™0(  Perchloric  acid 


HN"'Os  Nitrous  acid 
HK^Oi    Nitric  acid 
Hi5»^0t  Stilfarotis  acid 
Hi&^Oi  Sulfuric  acid 


im,\ 
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Qrtho  asd  Meta  Acids.^ — In  an  acid  ther§  may  be  more  o^gen 
than  hydrogen,  tli»t  is,  besides  the  Unking  oxt/gen  which  is  asao- 
ciaied  with  the  hydrogen  there  may  be  one  or  more  atoms  of 
ioturaiing  oxggen  united  by  both  points  to  the  negative  atom- 

An  oriko  acid  iB  one  in  which  all  the  oxygen  is  linking  and  the 
atoniB  of  oxygen  and  hydrogen  are  equal  in  number.     Examplee: 


HOl'O      HypochtoFous  acid  (ortho) 
H^Sii^Ot  Orthosilicie  acid 


HiB:'^)!  Orthoboric  acid 
UfS'^'Ot  Orthosalfuric  aeid 


A  meitt  add  is  one  in  #hieh  there  is  stitnrating  as  well  as  link- 
.  iiig  oxygen*  If  there  is  one  atom  of  fiiitnmting  oxygen,  it  is  called 
fmamfm^;  it  iwo^  dim&ta;  if  three,  trirmku     Examples; 

HN'^Ui  Monometa  oitroua  acid  HN^O»    Dimeta  nitric  acid 

HiF*Oi  Monomela  phosphoric  acid    H»S^K)|  Dimeta  sulfuric  acid 
HiS^'Oa  MoiioiuetH  sulfuric  acid         HC1"*0*  Trimeta  perchloric  acid 

The  meta  aoids  may  be  derived  from  the  ortho  by  anbtracting 
|«uee6s&ive  molecnles  of  water,  H,0,  thus: 

Ortho  sulfuric  iicid,  H^SOo,  less  one  molecule  HaO  gives 
Moiiometa  euifurie  acid,  H^SO*,  less  another  molecule  of  HaO  gives 
Blmeta  ©ulfurie  acid,  USOu  less  another  moleetile  of  water  gires 
Sulfuric  ox  id,  SOi^  with  no  hydrogen. 

By  idding  water  to  SO,  the  aeida  are  formed  in  the  reverse  order, 
Stmctyre  of  Acid  Molecules, — The  atrwctural  formulas  of  acids 
Mxt  easily  written  by  the  following  rule:  Connect  each  hydrogen 
kstom  by  an  oxygen  atom  to  the  negative,  then  connect  the 
lemauDiDg  oxygen  utoms,  winch  are  saturating,  to  the  negative  by 
both  points.     Examples: 

Boric  ac«d  B,BO« 


Hitric  ftcJd  HNO, 


Sutfaric  licid  11,80* 


H-^0— 2 


PhQipborio  acid  HiPO*  ^-^^p«0— H, 

0 

Writing  Acid  Formulas. — In  writing  acid  formolaa  note  the 
following  fttctri : 
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1.  The  symbols  are  written  in  the  order  of  their  quality,  . 
II  first,  0  hist,  and  the  uogativc  between. 

2.  The  terminatiuii  and  prefix  of  the  name  indicate  the  valence 
of  the  negative. 

3.  Ill  ortho  acids  the  number  of  O's  and  H's  is  the  same  and 
equal  to  thu  valence  of  the  negative.     Xo  saturating  oxygen. 

i.  Moiionu'ta  acids  have  one  0  and  211  less  than  the  valenoe 
of  the  negative,  one  less  II  tlian  O  and  one  saturating  0. 

5.  Dimcta  acids  have  20  and  4H  \pB8  than  the  valenoe  of  the 
negative,  two  less  H  than  0  and  two  saturating  O's. 

G.  Trimeta  acids  have  30  and  (iH  less  than  the  valence  of  the 
negative,  throe  less  II  than  0  and  three  saturating  0*8. 

Example :  Write  dimeta  perchloric  acid.  Perchloric  means  Ugfaest 
yalenciN  Vll.  Dimcta  means  20  and  4H  less  than  the  valence.  Hence 
the  formula  U,C1^H).. 

The  tendeucv  of  acids  is  to  contain  the  smallest  amount  of 
hydroj^cii  i)ossiblc,  that  is,  to  assume  the  lowest  meta  form.  When 
the  name  is  •rivoii  without  ])ri»fix  this  form  is  implied.  When  the 
valence  of  the  uc^ative  is  odd  there  will  be  one  H,  and  when  even 
211.     Thiff  is  illustrated  in  the  common  acids: 


Valfiici*  imM.  Valenoe  ( 

Nitrous  acid      1IN'"()j    monometa  Sulfurous  acid  H«S^0s    monometa 

Nitric  ucid         liN'0«     dimcta  Sulfuric  acid     H«S^K)4    dimeta 

CMiIorous  acid    \\C\"'i).i  monometa  Car))onic  acid   H«C^Oi   monometa 

Chloric  acid       IK '!*(),    dimi'ta  Selcnous  acid    H^Sc^Oi  monometa 

JVrclilori*'  luid  IK.'l^'KX  trimcta  Telluric  acid     H,Te"04  dimeta 

Apparent  executions  to  this  rule  are  found  in  boric  at 
lIjlV'O.  (ortho),  .silicic?  acid,  ll^Si^^'O^  (ortho),  phosphoric  ai 
HjjP^n^  (niononieta),  and  some  others. 

Basicity  of  Acids,    'ilic  basicity  of  an  acid  is  measured  ' 
niiTul»tT  of  liy(ln;ir<^i  mIoims  it  <-ontains.     It  is  monolHisic,  i 
Irihdsir.  hlnilnisic,  ami  ><»  (»ii  :i.-  it  contains  one,  two,  three 
or    inoro    atoms    of    liydro^rt^ri.      This    1iy(ln>gcn    is    calif 
hiidrofjrn  Ix'caiisc  it  is  n-adily  rc]>lacc(l  l)y  jxisitivo  or  ba' 
Tlio  term  jxtliffKisir  is  applied  to  acids  liaving  more  tha' 
of  liyclrofron. 

^rooerties  of  Acids. — Aci<ls  in  general  possej>s  tl 
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i.  They  turn  vegetable  blues  to  red. 

2.  They  change  the  color  af  many  organic  substances. 

3.  They  have  a  sour  tuj^te* 

4.  They  corrode  and  dissolve  metals  and  other  substances  and 
"destroy  organic  matters. 

5.  They  readily  give  up,  hydrogen  for  positive  atoim  or  radieak, 

6.  They  neutralize  ba-'je^,  forming  salts  and  water, 

7.  They  ionize  in  solution,  jdelding  the  hydrogen  ion. 

HLustratioas.— Take  some  dilute  hydrochloHe  acid.  Pbce  a  drop  on 
Jblue  litmus  pufx^r.  Add  ^  few  dropa  to  a  fiolution  of  in  ethyl  omnge  aiid 
pote  thfc  change  of  color.  Taste  it.  Introduce  a  piece  of  zinc;  it  dissolves 
rith  the  ewcape  of  Imbbles  of  hydrogen,  To  a  cable  centimeter  of  aodium 
tiydroxid  soluticin  rontaininir  a  atrip  of  blue  litmus  pjiper  jidd  the  acid  until 
be  dolor  of  the  pHp**r  ju»t  chtmi^iiH  to  red.  The  aciil  ttocl  base  are  lioth 
Eieutmlfxcd  And  we  have  n  solutiitn  of  ^Mlium  chlorid  i  common  salt)  in  water. 

Bases^^We  have  seen  that  basc^  yield  in  golution  the  hydroxyl 
:>n.  A  base  may  be  further  defined  as  a  amijmund  in  which  a  pom- 
ii^^  eieminf  tyr  rmlimi  ts  iiniied  by  oxygen  to  hydrogm,  or  better^ 
inittd  to  hydro^L    Examples; 

K'HO     Ca'(HOy     Ar'(HOy     (NH,)(HO)'    Tr'O(nO)'. 

Th^  fitfut^tum  of  bases  is  exactly  similar  to  that  of  the  acids* 
The  iiboro  fcirmulas  are  written  thus: 


K_0— H        H-0— Ca-O^H        ^"^^Al^O^H 
( H,N)— 0~H        O = T1^0~H. 


Ortho  and  Meta  Bases. — As  applied  to  bases,  the  terma  ortho 

id  nwtn  mean  <.'xat^tly  the  same  as  when  applied  to  acids*     The 

P  formula  above  iii  a  tnonometa  ba^e,  having  one  saturating  0. 

bftflefl  are  ortho. 

Naming  ol  Bases. — A  hme  is  named  by  calling  the  jjositive 

Blement  or  radii 'al  first  and  adding  the  term  ht/droMd^    The  names 

sf  ihti  form uhi6  jibive  are  potassium  hydroxid,  oaleium  hydroxid, 

Imlnminnm  hydroxid,  ammoninm  hydroxid,  and  thallium  meta- 

lliydroxid*     If  the  post  life  acts  with  more  than  one  valence,  the 
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one  ttsed  is  indicated  by  the  syllables  ou$  and  ic^  hypo  and  pm*^  aa 
in  imming  binary  compounds,     Examples : 


F€"(HO)i  Ferrous  Uydroiid 
Fe^i(^O).  Per! erric  liydroxid 


Fe'"(HO)i  Ferric  bydroiid 


Writing  Formulas  of  Bases. — Write  the  symbol  of  the  positiTe 

first,  then  \m&  many  hydroxy  la  as  equal  the  valence  of  the  poaitiTe. 
For  meta  bases  follow  the  rules  given  for  meta  acids. 

Acidity  of  6ases»-^The  acidity  of  a  base  is  measured  by  the 
number  of  its  hydrogen  atoms.  It  is  called  monacld^  diacidf 
Iriacidf  and  so  forth^  as  it  contains  one  two,  three,  or  more  atoma 
of  hydrogen.  Any  base  containing  more  than  one  atom  of 
hydrogen  ia  called  a  poly  acid  base*  Of  the  three  hydro  xids  of  iron 
given  above  the  first  is  diacid,  the  second  triacid,  and  the  thiid 
hexacid. 

Properties  of  Bases. — Bases  In  general  possess  the  following 
properties : 

1.  They  restore  colors  which  have  been  changed  by  acida, 

2.  They  have  an  alkaline  taste.  (Taste  of  potash^  sod%  or 
ammonia. ) 

3»  They  are  caustic^  disorganizing  animal  and  vegetable  tissues.  J 

4*  They  do  not  corrode  metals,  but  dissolve  many  eubstanceij 

not  acted  on  by  acids,  such  as  glass  and  other  sUicates, 

5.  They  give  up  hydrogen  for  negative  atoms  or  radicals. 

6.  They  neutralize  acids,  forming  salts  and  water. 

7.  They  ionize  in  solution,  yielding  the  hydroxyl  ion. 

niuatratMHu.— Take  some  sodium  bydroiid  solution,  Taite  it.  Place 
A  drop  on  red  litmus  paper.  Add  a  few  drops  to  a  solution  of  methyl 
orang©  whose  color  has  been  cbauged  by  au  acid.  To  a  ec.  of  diUue 
jiydrbchloric  acid  containing  a  strip  of  litmus  paper  add  the  solution  until 
the  paper  just  changes  color:  the  acid  and  base  are  both  neutralized  andj 
we  qavQ  a  solution  of  sodium  chlorid  in  water, 

Ite. — A  salt  contains  one  or  more  positive  &lemmis  or  radicaU 
nn^ed  hy  oxygen  id  one  or  more  negativs  §lemwnfs  or  radicals. 
The  simplest  case  is  where  both  positive  and  negative  are  monads, 
aa  E' — 0" — CI'  potassium  hypochlorite* 

Halts  may  be  derived  from  acids  by  replacing  the  hydrogen  bj 
positives^  or  from  bases  by  replacing  the  hydrogen  by  negatives.^ 
They  are  commonly  nnderstood  to  come  from  acids. 


Ca.  VII.] 


MOLECITLBB  ANB  €0MP0UJ\^P8. 


Naming  of  Salts. — The  name  of  a  salt  comiBts  of  the  name  of 
\  pofiitive  lolbwed  by  the  niime  of  the  negatiTe  and  both  modi' 
go  as  to  indicate  their  Talence*  The  modifications  of  the 
positive  are  the  same  as  in  binaries.  The  termination  of  the 
negative  m  changed  to  ii^  for  the  lower  valence  and  aie  for  the 
higher;  and  if  there  are  more  than  two  valences,  the  prefixes  hi/pQ 
and  por  are  used*     Note  that 

Hypo — it«  salts  come  from  hjpo — oua  acids 

Ice  salts  come  from      ous  acids 

Ate  salts  come  from        ic  acids 

Per — ate  salts  come  from  per — ic  acids 

Examples: 


KCl'O     Potassium  UyjKicblorite 
KOr'Oa  Fotussium  chlorite 
KCFOi    Pot.^ssium  chlorate 
KCl^'O*  Potassium  p^rcUlorate 


Ca"S"0, 
Ba'S"Oi 

NaN'"0, 


Calcium  suMte 
Barium  sulfate 
Sodium  nitrite 


(NH*)N''Oi  Ammonium  ui irate 


Salts  are  ortho  and  meta  just  as  the  acids  from  which  they  are 
derived,  but  it  is  seldom  neceaaary  to  express  thjB  character  in 
the  pa  me. 

Writing  Formulas  of  Salts. — In  writing  the  formulas  of  salts 
it  ija  best  to  regard  them  aa  binary  compounds  of  the  positive 
element  with  the  acid  radical  obtained  by  dropping  the  hydrogen 
of  tlie  acid.  The  basicity  of  the  acid  determines  the  valence  of 
the  radical.  Suppose  we  wish  to  write  the  formulas  of  sodium 
nitmie,  barium  chlorate^  potassium  sulfite,  calcium  phosphate^  and 
magBesium  hypfibromite.  The  acids  from  which  these  salts  are 
dm  veil  are  nitric,  chloric,  aulfurons,  monometaphosphoric,  and 
hypobromic.     We  may  proceed  then  as  follows: 

3iH«L  Acid.  Radteftl.  !^1C 

Na'  HN^O.  (NO,)'  NaNO. 

Ba"  HOPOi  (CIO.)'  Ba(010,)< 

K'  H.S^O,  (SO,)"  KtSO, 

Ca"  H,P^O»  (PO^)"'  Ca,(PO,), 

lir  HBr^O  (BrO)'  Mg(BrO), 

The  order  of  the  symbols  is  positive  first,  negative  second,  and 
0xygi?n  la«t, 

Stntctural  Formulas  of  Salts.  —  In  writing  the  s^iictural 
formulas  of  rniU  attention  must  be  given  to  foullthings: 

1.  The  valence  of  the  acid  radical. 
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2.  The  number  of  linking  O's  in  each  radioaL 

3.  The  number  of  saturating  O's  in  each  radioaL 

4.  The  valence  of  the  i)OHitivc  element. 

Remember  also  that  ox}'gen  must  always  stand  between  the 
positive  and  the  negative. 

The  valence  of  the  radical  is  the  combined  valenoe  of  the  (Vs 
less  the  valence  of  the  negative. 

The  number  of  linking  0*s  is  the  same  as  the  valence  of  the 
radical. 

The  number  of  saturating  O's  is  the  nuniber  of  0*8  less  the 
valence  of  the  nidical. 

Thus  in  the  radical  S^'^O^,  four  O's  give  8  points,  S  has  6;  the 
difference  is  2,  the  vulonce  of  the  radical  and  the  number  of  link- 
ing 0*s.     Subtracting  tliis  from  4,  the  number  of  0\  we  have  2, 

the  number  of  saturating  O's.    The  formula  is  then         ^'^CT^* 

The  graphic  formulas  of  the  five  salts  last  given  above  are  as 
follows: 

ArO         K— Ov  yO— Br 

\0         K— O/  \0— Br 

Ov  M"*         /0\  ^Ov 

o>'-°-""-°-"<, ,  ^■<o>!:-°-^*-»-s<o>> 

0  0 

Normal,  Acid,  Double,  and  Basic  Salts. — A  normal  salt  ' 
^^n   hydrogen,    KaNO,  sodium  nitrate; 
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formulsa  of  the  first  aad  last  wiU  illustrate  the  stmctiire  of  these 
nltfl. 

K— 0^ 
Ka- 


a_0/^0  \o— Ca—O/ 


A  bafiio  lalt  is  a  more  or  less  dofinit©  molecular  componnd  of 
R  nomml  salt  aud  a  metallic  oxid  or  hydroxid.  Basic  load  car- 
boBate  is  m  example,  PbCO^,Pb(HO),^  or  H,Pb,00^>,  or 
H-0— Pl^Ov^ 

H— O— Pb-O/ 

Acid  salts  should  have  acid  properties,  basic  salts  haTe  basic 
properties^  and  nomia]  and  double  salts  are  BCtittal,  but  there  ara 
maiiy  exot*ptions  tn  this  rule. 

Properties  of  Sjilte.^Kalts  exhibit  tbe  following  general 
prti|»erties : 

L  They  arc  neutral — neither  acid  nor  alkaline, 

%.  Thoy  do  not  change  organic  colors* 

3.  Tliey  have  a  salty  taste. 

4.  They  are  cryfitalUuc.  , 
6.  Tliey  are  soluble  in  water. 

6t  The  cooler  is  generaUj  white. 

7*  They  ionize  in  solution  yielding  the  cation  of  a  base  and  the 
anion  of  an  acid« 

To  all  of  this  there  are  many  exceptions.  Some  salts  are  acid 
and  some  are  alkaline,  many  are  insoluble  and  have  no  taste, 
maay  are  colored  and  many  are  amorphous. 

Salts  are  inut'h  njore  numerous  than  acids  and  bases.  They 
include  nearly  all  native  inorganic  substances.  Examples  are 
found  in  rocks,  clay^  soils,  and  aolids  generally* 

Water  Type* — The  acids,  bases,  and  salts  are  formed  on  what 
ii  caUed  the  water  type,  n — 0 — H.  Beplacing  an  H  by  a  negative 
we'  haTe  an  acid;  by  a  positive  a  base;  and  replacing  one  by  a 
aqptire  and  the  other  by  a  positive  we  have  a  salt.  The  general 
Icnmmlae  for  those  classes  of  compounds  are 


H— O^H 

W*i«r 


R_0— H 


B^O— H 


S— 0— K 

Salt 
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TMo  Acids,  Bases,  and  Salts. — Sulfur  acts  as  a  linking  element 
and  forms  compountis  eimilar  to  the  oxygen  compounds  wbicli  we 
have  juat  conaidered.  These  are  called  ihio  or  ^ulfo  acids,  bases, 
and  gaits*  Theoretically  there  should  be  a  eoLfur  compound  for 
every  one  of  the  oxygen  compound  s,  but  practically  not  a  great 
tnany  can  be  formed*     The  type  is  that  of  hydrogen  iiilfid^  H^S. 


H— S— H 


E_S— H 

Thio  acid 


B— &— IT 

Thlo  base 


Tliio  sail 


The  nomenclature  is  similar  to  that  of  the  oxygen  compounds. 
A  fe?v  examples  follow: 

HiAs'^S*    Tbioaraenic  acid  or  ftolfarsenic  acid 

XHS         Potassiiim  hydrosulfid 

AgSb'"S»  Silver  thioarvtimonite  or  sulfantiroonite 

Selenhim  and  tc^llnritim  form  similar  compounds. 

Haloacids  and  Halosalts. — ^There  are  many  compounds  contain^ 
ing  fluorin^  chlorin,  brorain,  and  iodin  which  are  best  explained  by 
supix>sing  that  two  atoms  of  the  lialogen  act  like  one  at*>m  of 
oxygen  to  perform  the  Unking  function.  There  are  two  classes  of 
compounds  only,  koloaaid&  when  hydrogen  is  linked  by  the  halogen 
to  a  negative  element  or  radical,  and  hatomlts  wlien  the  hydrogen 
of  the  haloacid  is  replaced  by  a  positive  atom  or  radical.  These 
compounds  will  be  understood  by  the  following  example: 

riuoboric  acid,  HBF,,  H— F^F— B<  |I 

^F 

K— a=Cl^         JCl 

Potassium  chloroplatinate,  KjPtCla,  >Ft<f  || 

K— C1=CK        XJl 

Hydrates, — Water  combines  to  make  close  chemical  compounds 
with  many  substances^  especially  with  acidic  and  basic  oxids,  the 
former  yielding  acids  and  the  latter  bases  or  hydroxids.  This  nrny 
be  called  water  of  amslUuiimif  and  when  removed  hivolves  chemi-j 
cal  change. 

Water  also  forms  molecular  combinations  of  greater  or  less  com- 
plexity, a  definite  number  of  molecules  uniting  with  one  molecule 
of  the  substance*    This  is  called  water  of  hydraiwn^  and  such  com* 
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pounds  are  called  hydrates.  This  water  is  driven  off  by  heat  with- 
otJt  involving  chemical  change,  It  h  usually  ignoretl  in  "WTitiiig 
aalianB,  but  must  be  included  in  the  molecular  weight  in  quanti* 
ktivc  work.  In  expressing  it  the  furmula  for  water  is  used  and 
separated  from  the  other  formula  by  a  comma;  for  example, 
KA1(S0J,J2H20  means  that  mth  each  molecule*  of  alum  there 
an>  12  molecules  of  water  of  hydration  or  crystallization. 

Classification  of  Compounds  According  to  the  Negative  Ele- 
mjent. — A  very  naeful  elassification  of  compounds  is  based  ujKm 
th»t  part  of  the  name  which  refers  to  the  negative  element*  We 
flpeak  of  chloride,  sulfates,  sulfitoB,  hypobromites,  perchlorates, 
etCf  When  these  names  are  used,  they  commonly  refer  to  the 
lalta  of  the  acids  of  the  negative  element^  hut  may  inclcide  any  and 
all  compounds* 

The  termination  id  means  a  binary  compound* 

The  terminations  ite  and  ate  mean  ternary  compoundB  and 
imply  oxygen* 

The  following  simple  definitions  will  make  the  matter  plain: 

A  chlorid  is  a  binary  compound  of  negative  chlorin  with  some 
other  element^  generally  a  metal, 

A  sulfate  is  a  salt  of  sulfuric  acid. 

A  sulfite  is  a  salt  of  suliuroue  acid- 

A  hypochlorite  is  a  salt  of  hypochlorons  acid. 

The  compoimds  of  the  classes  thus  formed   resemble    one 
lother  more  or  less  closely,  particularly  when  the  positive  ele- 
ments belong  to  the  same  group. 
The  principal  classes  are  as  follows : 

A-  Binariea: 

h  Binary  acids,  HF,  Ha»  HBr,  HI. 
Binary  salts,  Halids — 
a*  Haloid  salts,  NaCl,  KBr,  Ebl,  etc* 

Other  halids — fiuorida,  chlorids,   bromids,  iodide,  and 
cyan  ids. 
Oxidfe  of  the  metals,  MgO,  FeO,  CuO,  Na^O,  etc 
Auhydrids — oxidsof  the  non-metals,  Cl^Oj  SO,,  CO,,  N.O,^ 
etc 

Snlflds,  selenids,  and  tellurids,  PbS,  Fe^S^,  CuSe,  Ag,Te, 
ito. 
Kitrids,  phosphide,  arsenids,  and  antimonids. 
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7.  Garbids  and  sUicidB. 
B.  Ternaries: 

1.  Ilydnites — compounds  containing  water  or  hydiozyL 

2.  Acids — compounds  of  negatives  with  hydrozyl. 

3.  Bases — compounds  of  positives  with  hydroxyL 

4.  Suits — positives  and  negatives  united  by  oxygen* 

a.  Of  ucids  of    Group  VII,   chlorates,   bromatefl^  hypo- 

clilorites,  etc.  ■ 
h  Of  acids  of  Group  VI,  snl&teSy  sulfites,  SftlenateSj  duo* 

mates,  etc. 
c  Of  acids  of  Group   V,   nitrates,   nitrites,  phoBphttei^ 

arsenitos,  etc  * 

d    Of  acids  of  Group  IV,  carbonates,  silicates,  etc. 
A  Of  iicids  of  Group  III,  borates  and  alominates. 

5.  Thio  acids,  bases,  and  salts. 

6.  Halo  acids  and  salts. 
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Chemical  Affinity. — That  force  or  attract  ion  whiclf  holda  atoma 

togoth*;r  ill  molecules  and  brings  about  exchanges  of  atoma  is  called 
affiniiff  or  chmnimn.  While  it  is  couTenient  to  re^^ard  it  as  an  at- 
trtUTtion,  it  is  proper  to  remember  that  there  are  good  reasons  fo? 
believing  that  it  i®  but  a  phenomenon  of  the  energy  of  the  moving 
mtom.  It  ig  by  the  action  of  this  forces  ei*ergy,  attraction,  or  what* 
i¥er  it  may  be,  that 

1.  ElementaJ  atoiai  form  elemental  molecules,  H,; 

2*  Dbsimilar  atoms  unite  t^  form  compound  molecul*!®,  HCI ; 

3,  By  \irtue  of  su|>erior  aiTiiiity  chemical  at^tion  takes  place, 
HCI  +  NaHO-NaCl-f  up,  Tlie  superior  affinity  uf  Na  for  CI 
causes  it  to  exchange  places  with  the  H,  Although  this  \iew  of 
rhemical  action  m  modified  by  the  ion'theor>^|  it  still  no  doubt 
chiselv  represents  the  factis.       v 

Affinity  acta  at  short  dietances,  is  strong  between  atoms  that  ar© 
pbysiciillj  atid  ohemically  diaBimilar,  and  weak  between  those  that 
aju  aimilar.  Within  certain  limits  it  is  irresistible,  and  in  action 
develops  intense  energy*  There  is  no  physical  force  which  can  stop 
a  diemieal  action  where  affinity  is  strong  when  once  it  is  started* 

Molecular  Stability*^AlI  molecules  are  more  or  lees  liable  to 
ehennea]  change.  They  are  said  to  be  stable  when  the  change  is 
bronglit  about,  with  difficulty;  unstable  when  the  change  is  easy. 
Bilicic  oxid  (quartz)  and  glass  are  very  stable;  they  resist  the  action 
of  most  chemical  agents  and  are  not  affected  by  heat*  Carbonates 
are  only  moderately  stable,  being  decompose*!  by  l*eat  and  acids* 
Kitrogen  io<iid  and  nitToglycerin  art  very  unstable,  decomposing 

wiUt  explosive  violence  upon  the  slightest  provocation, 
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Molecular  stability  depends  upon  the  strength  of  the  affinity  or 
attmction  between  the  atoms  in  the  molecule.  Unstable  combina- 
tions tend  always  to  pass  into  more  stable  ones. 

Chemical  Action  and  Reaction, — A  chemical  uction  is  one 
which  Faults  in  a  diemicul  oliangOi  It  may  be  a  aimple  decompo- 
Gition^  as  when  limegtoue  ia  heatcnl  or  nitrogen  chlorid  ezplodea. 
Generally,  however,  two  substances  aie  inYol?ed  and  then  it  is 
called  a  rmcilon.  Two  or  more  snbstaoces  react  and  one,  two,  or 
more  are  formed. 

Chemical  EquationSi^ — Reactions  are  expressed  by  chemical 
equations,  The  substaucee  entering  the  reaction  are  called  the 
factgrs^  and  their  formulas  constitute  the  firat  member  of  the  equa- 
tion; those  issuing  from  the  reaction  are  called  tho  products^  and 
their  formulas  form  the  second  member  of  the  equation.  Since 
formulas  represent  molecular  weights,  the  equation  tells 

1,  Wlmt  subatanoea  enter  the  reaction,  and  how  much  of  each; 

2,  What  substances  emerge  from  the  reaction,  and  how  much 
of  each. 

The  plus  sign  means  'acting  with'  as  to  the  subs  tan  ces,  and 
^ added  to'  i\fl  to  weights.  The  minus  sign  is  aomctimes  used.  The 
lign  —  indicates  equality  of  weight  between  factors  and  products* 

There  must  be  no  loss.  However  the  moleculea  may  be  changed, 
every  atom  in  the  Urst  member  must  be  found  in  the  second  mem- 
ber of  the  equation. 

KUO  +  HHO,  =  KNO.  +  H,0 

5G     +     63      =    101   +    18 

This  equation  shows  that  wlien  one  molecule  of  KHO  acts  on 
one  molecule  of  UNO,  there  is  formed  one  molecule  of  KNOji  ^^^ 
one  of  HgO,  und  that  tlie  weights  involved  are  in  the  proportion  of 
the  molecular  weights.  Note  also  that  in  each  member  of  the 
equation  there  is  IK,  211,  1  N;  and  40* 

Writing  Equations. — In  order  to  write  an  equation  the  prod- 
ucts must  bo  known,  having  been  determined  by  experiment 
We  can  only  know  that 

Zn  +  HgSO,  =:  ZnSO^  +  H, 

by  bringing  about  the  reaction  and  analyzing  the  products-     The 

factors  and  products  being  given,  the  problem  is  to  ascertain  bow 
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many  molecules  of  each  tniiBt  be  taken  in  order  to  preseire  strict 
eqtiiditf.     This  cau  generally  be  done  by  simple  inspection.    Take^ 

for  example^  tlie  reaction 

Naqj  +  H,SO,  =  HCl  +  Na,SO,- 

Since  EH  is  found  in  the  first  member,  there  must  be  211  in  Uie 
secotid  ;  and  since  ^Na  i^  ia  the  second,  2Na  niuat  be  in  the  £i^t. 
We  therefore  write  for  the  correct  equation 

2NaCl  +  H,80,  -  2HC1  +  Nii^SO,. 

If  the  elation  cannot  be  completed  by  inspection,  it  may  te 
done  by  a  simple  algebraic  process  as  follows : 

IndicaiB  the  numbi^r  of  nwhcuhs  of  each  suhsiancc  by  a  Utter 
nnd  form  a  series  of  stMuUaneous  equations*  Amu  me  (t  lvalue  far 
une  letter  and  solve  the  equations  for  ih&  others.  Multiply  all  ifm 
values  by  such  a  number  m  wiU  make  them  all  whole  nnmberA  m^d 
iubsHiuie* 

If  the  i^ulred  eqaation  represanta  the  reaction  of  copper  and  nitrla 
ftcid,  we  may  write  It  as  follows  i 

a  Cm-  6  HNOi  =  c  Cn(NO0i  +  d  UiO  +  «  NO. 

Since  the  number  of  atoms  of  eaoh  element  must  be  the  aame  in  both 
members,  we  have  the  following  equations  : 
For  Cu  a  -c.    For  H  6  =  2fZ,    For  N  6  -  2c  +  e.     For  0  86  ==  6c  +  d  +  e. 

Asauraing  a  ^  I,  we  Imve  t?  =  1,  6  =  3t?i  i  =  2  +  ^,  and  36  =  6  +  d  +e, 

Subatimting  M  for  b  m  the  last  two  eq nations,  wo  have  2d  =  2  +  e  and 
Ik/  =s  6  4-  *.  Subtracting,  we  liave  d  —  %,   Conliauiag  the  proeesa,  we  flnd 
tbe  folbwing  values :  a=l,  6  =  J,  c  =  ljcf  =  |e  =  |.     Multiplying  by  3, 
we  have  a  ^  3.  6  =  8,  c  =  %  d  ^  4,  «  =  3,  aud  the  equation  becomes 
3Cu  +  SHNOt  =  3Cu(K0i),  +  4H,0  +  2N0. 

Reactions  Molecular. — Since  atoms  do  not  m  a  rule  eiist  free, 
^Teaetions  must  take  place  between  moleculei,     Tbe  old  molecules 
mast  be  broken  down  before  the  new  ones  can  be  formed.     This 
explains  why  reaetions  which  do  not  begin  spontaneously  will  go 
on  rapidly  when  once  started.     Since  equations  represent  reactions, 
'  add  properly  b«  molecular*     Practically,  however,  it  ia  im- 

i  .,  aud  it  is  usual  to  write  Uiera  in  their  lowest  fomi.     The 

bunuug  of  hydrogen  may  be  expressed  by  H,  +  0  =  H,0,  or  by 
^SH,  4-  0,  =  211,0.     The  secoml  equation  is  molecular;  the  first  IB 
becanae  one  0  h  only  half  a  molecule. 
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Voiiime  Equations. — All  eciimtions  are  quantitative,  and  when 
the  molecular  weights  are  appended  the  equation  is  said  to  be 
written  by  weights  or  gravimetricalbj.  Equations  invohnng  gaaes 
may  also  be  written  vohimetricaUy  m  at^coniance  with  the  h3rpo thesis 
of  Avogadro,  each  molecule  representing  tm>  volumes,  however 
many  atoms  it  may  contain. 

In  any  chemical  reaction  between  gases  the  Toliime  will  remain 
the  same  so  long  m  the  atomicity  of  the  molecules  is  unehanged, 
If  the  number  of  atoms  in  the  moleeulea  is  increased  or  diminished^ 
a  corresponding  inverse  change  of  volume  follows.  These  change-a 
are  governed  by  the  valence  of  the  elements.  The  following  reac* 
tions  illustrate  volume  equations  and  volume  changes; 

1.  MoQfid  witb  mouad: 

H:,  +    Cit      =  2HC1 
2  Tola.  +  3  vols,  =  4  vols. 

Bore  2  volumes  of  H  unite  with  2  volumes  of  CI  to  form  4  volumes  of 
HCl;  thera  ia  no  change  in  volume, 

3.  Monad  writh  dyad  : 

SHu  +  0^       :=  2H,0 
4  vols,  +  2  vols  =  4  vols. 
Here  4  votufiaeft  of  H  unite  with  2  volumes  of  O  to  form  4  volumes  of 
HtO;  there  is  a  reduction  in  volume  from  6  to  4  or  from  3  to  2  volumes. 
8.  Motiad  ^ith  triad: 

SH,  +  N,        =  2H,N 
0  vols  +  2  vols.  =  4  vols* 
TTefc  6  volumes  and  2  volumes  make  4  volumes,  a  reduction  of  one  half» 

4.  M  on  ad  w  1 1  li  to  i  riid ; 

m^  +  c,       ===  acii* 

8  vols,  +  3  vols.  —  4  vols. 
Here  10  volumes  beeome  4  volumes,  a  reducliou  of  three  fiflha, 

5.  D)'ad  witb  triad: 

80i  +  SNi      ^  SN,Oi 
6  vols.  +  4  vols.  =^  4  vols. 
Here  agam  10  volumes  become  4  volumes, 

6.  Dyad  with  letrad  : 

SO.  +  C»        ^  200* 
4  vols.  +  2  vols.  =  4  vols. 
Reduction  from  6  to  4,  or  8  to  S,  volumes. 

So  any  other  equation  representing  gases  may  be  written  by 
volumes. 

Those  equations  may  be  reversed  and  then  represent  increase  in 
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iraluiQe.  If,  for  exiiinplc,  water  be  decomposed,  every  two  volumes 
of  BtMin  will  give  two  volumes  of  hydrogen  and  one  of  oxygen^  or 
tbree  voluiin'S  of  the  mixed  gases, 

Precipitatioii,— If,  on  mixing ^two  solutions,  an  insoluble  sob-' 
stance  ia  formed,  it  is  precipHaied,  that  Is*  it  appears  in  solid  par- 
ticles diffused  tJiroH^hout  tlie  liquid.  The  precipitate  gathers 
together  and  sinks  to  the  bottom  or  floats  on  top  as  its  density  is 
greater  or  less  than  that  of  the  liquid.  If,  for  example,  solntions 
of  p4>tiia8ium  iodid  and  mercuric  chlorid  are  mixed,  mercuric  iodid 
precipit^tt'^  and  pottisaiiim  chlond  remains  in  solution. 

HgCl,  +  2KI  =  Hgl,  +  mCL 

Effervescence, — If,  on  mixing  two  sola tiona,  a  gaseous  substance 
in  forujed,  it  t*bai[)e8  in  bubbles,  exhibiting  the  plienomenon  called 
effervescence.  This  is  illustrated  by  placing  a  piece  of  zinc  in  dilute 
Iiydrochloric  acid,  or  by  adding  an  acid  to  a  solution  of  a  carbonate; 

Zn  +  2n01  =  ZnCl,+  SH,  21101  +  Na,<^'0,=  2NaCI  +  H,0  +  CO,. 

In  tha  first  case  the  escaping  gas  is  hydrogen,  and  in  the  second  it 
is  carbon  flioKJii, 

Oxidation  and  Reduction,^ — By  osdikUim-  is  primarily  meant  the 
incrrase  of  the  relative  amount  of  oxygen  in  the  niolecnlet  \^'hile 
f^iidian  means  its  decrease.     Conibusti^  is  complete  oxidation. 

These  t^nns  are  abo  extended  to  mean  the  increaHC  o\  decreat^e 
of  the  relative  aojouiit  of  any  element  which  may  represent  oxygen; 
that  is,  a  change  of  valence  of  element'*  or  ions.  We  speak  of  oxi- 
dizing ferrous  chlorid,  FeCl^,  to  ferric  chlorid,  I'eCIji,  or  of  reducing 
the  chjTjmic  ion»  CV"  to  the  clirornous  ion,  O  \ 

Cabdysis*— Many  substances  mch  as  water  and  platinum  sponge 
act  by  their  prei^^ence  to  aecelerat4?  chemical  actions.  Such  sub- 
itariaes  are  called  catahfsers  or  eatah/tie  agents,  and  the  action  in 
called  mialyBis  or  contii4i  adi>>/i.  In  some  cases  the  action  is 
refardal  and  then  the  catalysis  is  said  to  be  negative.  The  exact ' 
nature  of  catalytic  action  is  not  known. 

Causa  of  Eeactioas. — Reactiona  arc  brought  about  In  various 
ways,  among  which  are  the  following: 

1.  Molecular  instability*  Many  snbst^ances  are  so  unstable  that 
U  iadillioult  to  keep  them*  Ej^am pies  are  nitroglycerin,  nitrogen 
chlorid,  oxids  of  nitrogen,  and  oxids  of  chlorin. 

2.  Action  of  a  physical  force,  ti^. : 
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a*  Mei^hautcal  action,  as  iu  tbe  explosion  of  a  cap; 

K  Heati  as  in  combustion  and  decomposition  by  beatiDg; 

c.  Light,  as  whtjn  CO3  is  decomposed  in  the  lefives  of  plants; 

d.  BIectriejt)%  a^  in  electrolysis, 

S.  Su parlor  chemical  attraction.  This  Is  tbe  usnal  cause  of 
chemical  action,  and  finda  illuatration  in  almoflt  every  chemical 
equation.     In  the  reaction 

Zn  +  H,SO^  =  ZnSO,  +  H^ 

Zn  becanee  of  its  superior  attraction  for  the  radical  SO^  is  able  to 
displace  tbe  H,  and  tljc  reaction  takes  place  wheneTer  the  two  sub- 
stances are  brought  together* 

4.  Ionization,  Many  reactions  attribute  to  superior  chemical 
attraction  may  also  be  explained  as  action  of  ions.  The  last  equa* 
tion  may  be  written  thus: 

Zn+H+H'  +  SO/'=Zn-  +  SO/'  +  H,. 

The  molecular  zinc  takes  the  electric  charge  from  the  two  hydro- 
gen ion.s  and  becomes  the  zinc  ion,  while  the  hydrogen  passes  to 
the  molecular  state, 

Conditions  Favoring  Chemical  Change — Any  condition  which 
eepai'ates  molecules,  gives  them  free  motion,  or  diminishes  their 
Btability,  or  which  Uberates  ions,  favora  chemical  change*  Among 
these  couditions  are  the  following: 

1.  Fine  staie  of  divisioiK  Finely  divided  lead  takes  fiie 
spontaneously. 

2.  Increase  of  temperaiure.  Coal  and  wood  must  he  heated 
before  they  burn, 

3.  I7ic  nmceni  slaie^  Kascent  hydrogen  is  a  powerful  reduc- 
ing agent  even  at  the  ordinary  temperature. 

4*  Solutmi.  Baking-powder  keeps  so  long  as  it  is  dry;  dis- 
gol?e,  and  action  t^kes  place  at  once. 

5.  Fimaii*  In  fusion  we  have  a  combination  of  high  tempera- 
ture and  the  liquid  state,  both  of  which  are  favorable  to  chemical 
action.     Iron  and  copper  unite  vigorously  with  molten  sulfur. 

6.  Vaporization.  The  vaporous  state  is  of  all  the  most  favora- 
ble to  chemical  action,  because  the  molecules  move  freely  among 
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themselTes*     Gasea  which  unite,  like  oxvgeu  »iid  hydrogen,  form 
explosive  mixtures. 

7.  C^ld,  Many  nnstable  compounds  can  only  be  formed  at  low 
temperatures*  Such  are  some  of  the  oxidB  of  nitrogen  aud  ehlorin, 
nitroglyceriu,  phoBph*miuni  iodid,  and  many  organic  compouDda, 

S .   The  prcM n re  of  a  m ta hjser, 

9,  Joftiziifion.  Sabstancos  in  sohition  are  more  active  when 
they  are  iivuized. 

Rapidity  of  Chemical  Action.— The  rapidity  of  a  chemical  action 
will  depend  upon  the  stability  of  the  farton?.  the  f^rrength  of  afifinity 
between  the  atoms  involve*  1,  the  relative  quantities  of  the  sni)- 
stancej?  |>resent  (mass  action),  and  the  conditions  mentioned  in  the 
last  paraf?:raph* 

ClassificatiQii  of  Reactions. — Chemical  reactions  may  be  ar- 
ranged in  four  ellipses; 

L  Anrrl^fic  reactions^  in  which  complex  molecules  became  mor»  simple; 

2,  SptihUh  rtfUiitimm^  In  which  simple  molecules  become  more  complex^ 
as,  F*Oi  +  H,0  ^  2HP0., 

8.  Metatheiic  reactions,  in  wlijeh  theri*  i&  a  mutual  exchange  of  atomsf 
M,  n,SO,  +  2NjiNO.  =  Na,SO,  +  211  NOt. 

8Hb9tUtUion  li  A  special  case  of  metathesis;  as^ 
K  +  HNOt  =  KKO,  +  H* 

4.  Bearrangetnent  of  atoms  in  thti  molecule;  as, 
(NH*)(CNO)  =  CO(H,N), 

The  term  annl^$is  is  often  need  to  indicate  the  complete  sepa- 
lation  of  the  moleoule  into  its  elements,  while  si^nihesis  m  taken  to 
mean  the  union  of  elements  to  form  compound  molecules* 
Analysis:  CO,  =  0  +  0,.  Synthesis:  U,  +  0  =  11,0. 
Ordinary  Chemical  Reactions — Reactions  take  place  usually 
sccoTding  to  the  general  law  that  those  dubstances  appear  whose 
formation  results  in  the  development  of  the  greatest  amount  of 
heat.  If  free  ions  are  present  the  reaction  will  begin  spontane- 
omly  whenever  heat  ie  thereby  developed;  as, 

Hga,  soL  +  3KI  sol.       ^  2KC1  soL     +  Hgl,  prec 

49&00  caL  +  150000  cal  =  224100  cat  +  24300  caL 

l>if.  24*300  caL 
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If  the  heat  is  uot  deveioped,  it  maj  be  snpplied  from  williont 
and  the  reaction  may  still  take  place ;  as^  ^ 

H,SO,  +2KN0,        ^K,SO,  +  2HN0, 

193100  cal.  +  239000  cal.  -  344f]00  cah  +  83800  caL 
Bit  ^  3700  cal. 

There  are  sevejal  general  react  in  m^  with  which  the  student 
should  become  familiar.  If  they  do  not  take  plaf*e  spoiitaneoiiHl>v 
they  may  be  brought  about  by  heat  or  other  agents.  ITiey  are 
rather  arbitrarily  arrangetl  as  follows: 

L  The  metals  unite  to  the  non-metals, 

2.  The  non-metiiLs  uiiit'C  to  one  another* 

3.  TFie  halicLs,  oxidj^^  and  hydrogen  comp<jund8  of  the  non- 
metak  act  upon  the  metals  and  their  compounds* 

4.  Acids  act  upon  the  metab?  and  their  oxids*  hydroxids,  and 
carbonates  to  fonu  sah^  and  water*  Unstable  acids  may  at  the 
same  flme  be  decomposed. 

5*  Acids  act  uikjo  the  salts  of  less  stable  acids  to  form  the  other 
&alt  and  the  other  acid. 

6.  Acids  act  upon  sulfids  to  form  salts  and  hydrogen  sulfid. 
7*  Bases  neutralise  acids,  but  do  not  as  a  cide  act  upon  metals^ 

5.  Bases  act  upon  the  saltv^  of  the  unstable  acids* 

9.  Pnluble  sulfids  act  upon  salt^  to  form  sulfids  of  the  metals. 

10.  AH  combustibles,  metallic  and  non-metallic,  act  m  reducing 
agents  when  heated. 

11.  Unstable  oxids  and  unstable  oxygen  compoimds  act  a^ 
oxidizing  agents  in  the  cold  or  when  heated. 

12*  The  halogens  act  as  indirect  oxidizing  agents  by  taking 
hydrogen  from  water  and  setting  oxygen  free. 

13*  Metals  are  separated  from  many  of  their  compounds  by 
fiction  of  reducing  agents. 

14*  Most  substances  are  decomposed  or  dissociated  by  heat^ 
many  by  electricity,  and  a  few  by  light. 

15.  Most  soluble  inorganic  substances  ionize  in  aqueous  solu- 
tion* 

16.  Most  reactions  which  are  theoretically  possible  may  he 
reahzed  by  proper  use  of  favoring  conditions,  as  solution,  heat^ 
cold,  electricity,  pressure,  etc. 

To  aU  of  these  general  reactions  there  may  be  exceptions. 
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Reversible  Reactions. — A  reaction  is  saiil  to  be  mveTsible  when 
a  change  of  conditions  chauges  its  direction.    There  are  many  eon- 
di lions  of  reversibility,  the  most  important  of  which  are  tempera- 
ture and  the  relative  amounts  of  the  substances  involved  in  the  * 
reaction. 

If  moist  ammonium  chlorid  m  heated  to  350*^,  it  deeonipoRes 
into  anmioma  ami  hydpigen  chlorid.  If  the  tenijwrature  h  lowered 
again  I  ammoniunj  chlorid  is  re*formed.  Ttiis  fact  b  expressed  in 
the  etiuatJon  by  replacing  the  sign  of  equality  by  double  arrowB, 
thus: 

NH^CfeNHs-fHCl 

Hydrogen  sulfid  precipitates  cadmium  sulfid  from  solutions  of 
cadmium  chlorid,  but  tbe  cadmium  sulKd  dis^lves  in  an  excess  of 
the  acid, 

CdCI, + H^Si^  CdS  +  2Ha. 

So  also,  if  steam  be  passed  over  heated  iron,  hydrogen  is  evolved, 
but  if  hydrogen  be  passed  over  heated  iron  oxid,  water  Is  formed: 

Fe,+4HaCteleA  +  4H,. 

Chemical  Equilibrium.— In  the  second  reaction  of  the  last  para- 
graph, if  H^  u  in  excess,  Cd8  precipitates;  if  HCl  is  in  ejceess,  CdS 
iliasolveB  laith  formation  of  CdCU.     In  any  case  the  reaction  will 

*  go  one  way  or  the  otlier  unt  il  there  h  no  further  change,  and  then 
th^  four  compounds  all  presejat  are  said  to  be  in  equilibrium.  Most 
reaeti*>ns  are  reversible  and  those  that  are  said  to  be  complete  are 
only  ajiproximatcly  so* 

Law  of  Mass  Action.^Tlie  theory  of  superior  affinity  a^  the 
eau.se  of  chemical  action  was  pro|x>sed  by  Torbem  Olof  Bergmann, 
»  Sw<*ilish  cliemist,  in  1775.     If  the  affinity  between  a  and  c  is 

lgTt3tttcr  than  that  between  a  and  &,  the  following,  change  \iill  take 

[place: 

On  thifl  principle  Bergmann  attempted  to  find  the  relative  aflinitiea 
tif  the  different  elements.    Such  reactions,  however,  are  generally 

rpvcr!5tblc,  and  are  greatly  influenced  by  the  relative  amounts  of 
ihc  lu  tliiir  suhstaiuTs.    In  the  years  1864  to  1867,    Cato     M 
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Guldboi^  and  P.  Waage,  professors  in  the  University  of  Giristiania 
in  Norway,  made  investigations  which  led  to  the  law  of  mass  action 
which  bears  their  name,  and  which  may  be  i^tated  as  follows: 

77/ 1'  amount  of  chnnivnl  chamjv  is  ]}roportianal  to  the  active 
massis  of  the  substances  involved  in  the  reaction. 

]W  oetivc  ntass  U  meant  the  numl>er  of  gram-equivalents  in  a 
liter  of  the  solvent.     In  the  reversible  reaction 

a+b^a'+b' 

the  tendency  of  a  and  b  to  react. to  fonn  a'  and  b'  will  depend 
j)rimarily  ui)c»n  the  nature  of  the  substances,  or  upon  the  relative 
afiinities  tif  tlie  atoms  whicli  they  contain.  Tlie  action  will  be 
modifieil  by  pliysical  stat(»,  temj)erature,  pressure,  degree  of  ioni- 
zation, etc.  All  these  may  be  combineil  into  a  factor  k,  called 
coi  jficirnt  of  ujfinitij.  Now  the  rapidity  and  the  amount  of  the  action 
will  depend  u]u)n  the  number  of  molecules  which  meet  or  collide, 
and  tills  i>  measured  by  the  active  ma.sses  present  or  by  the  num- 
ber of  molecules  in  a  jriven  volume.  lx*t  p  and  q  represent  the 
active  masses  uf  a  and  /;.  then  the  chemical  force  of  the  action  will 
be  ecjual  to  the  product  A'/w/.  In  the  same  manner,  if  k',  p',  and  if 
be  the  coi'flicient  of  aliinity  and  active  masses  of  b'  and  c',  then 
th(»  clu'niical  force  tending  to  make  a'  and  b'  react  to  form  a  and  6 
will  be  k'p'n'.    When  e(|uilibrium  is  reached  we  shall  have 

This  IS  the  fimdamental  equation  of  chemical  equilibrium.  If  the 
ratio  of  A*  to  A'  be  repn^ented  by  A',  then 

7xy=A>Y. 

K  is  the  rf>nstant  of  ecjuilibrium  at  a  given  temperature. 

Reaction  Velocity. — Hie  velocity  of  the  reaction  from  a  aD'" 
toward  a'  and  //  is  re])resented  by  the  expression  kpq,  whil' 
velocity  in  the  opposite  direction  is  A-'/A/.     The  velocity 
reaction  as  a  whole  will  be  ecpial  to  the  difference  betweei 
viz.: 

r  =  r-r'  =  A'P7-A*>Y. 
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Complete  Reaction. — Since  reactions  are  generally  reversible, 
they  will  stop  when  equilibrium  is  attained  in  accordance  with  the 
law  of  mass  action..  If  one  of  the  products  is  removed  as  fast  as 
it  is  formed,  the  influence  of  its  mass  is  lost,  the  state  of  equilib  ium 
will  not  be  reached,  and  the  reaction  will  go  on  to  completion. 
This  removal  may  take  place  in  various  ways,  among  which  are 
the  following: 

1.  Evolution  of  a  gas,  as  in  the  displacement  of  hydrogen  by 
metals: 

Zn-f-2HCl  =  ZnCl2+H,. 

2.  Application  of  heat,  one  of  the  substances  distilling  away, 
as  in  preparation  of  nitric  acid : 

2KNO3 + HjSO, = K2SO, + 2HNO3. 

3.  Precipitation,  as  when  ions  combine  to  form  an  insoluble 
substance: 

Hg-,CV-l-2K-,r=HgI,+2K-,Cl'. 

4.  Combination  of  ions  without  precipitation,  as  in  neutraUza- 
tion: 

K-,HO'+H-,N03'  =  K-,N03'+H20. 

5.  Change  of  ions  to  atoms,  as  in  electrodeposition: 
•  2Ag-,N03'+H30  =  Ag3+2H-,N03'. 

Dissociation. — By  the  term  dissociation  is  meant  a  reversible 
reaction  which  results  in  the  decomposition  of  molecules  with  the 
formation  of  (1)  other  molecules,  (2)  radicals,  or  (3)  ions.  The 
first  case  includes  reversible  reactions  generally,  and  the  usual 
agents  are  heat  (thermolysis)  and  water  (hydrolysis).  The  second 
includes  those  reactions  in  which  molecules  are  decomposed  into 
atoms  or  radicals,  and  here  also  heat  is  the  usual  agent.  The  third 
case  is  ionization,  in  which  the  chief  agents  are  water  (solution)  and 
electricity  (electroljrtic  dissociation).  The  phenomena  of  disso- 
ciation are  classified  according  to  the  agent,  and  each  subject  will 
be  treated  in  its  proper  connection. 

All  kinds  of  dissociation  follow  the  law  of  mass  action. 
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Thermolysis  or  DissociatioD  by  Heat. — ^lany  sJubKtanees  when 
heated  separate  int*}  their  eleinentifi  or  into  simpler  molecules,  and 
when  the  teiriperature  is  lowered  again  the  parts  reunite.  This 
action  was  first  studied  by  8t.  Clair  Deville  in  1857.  The  density 
of  iodin  up  tci  600°  is  about  127,  showing  the  molecular  fomiula  Ij. 
Above  1.500°  the  density  is  only  half  as  large,  indicating  complete 
dissociation.  If  hme&tone  be  heated  to  redness,  it  breaks  up  into 
CaO  and  CO3,  but  when  the^se  are  cooled  together  they  rennite 
to  form  the  limestone  again:  CaOOjiii^HI^aO+COj.  Phosphonimii 
chlorid  15  not  formed  at  the  ordinary  temperature  by  tlie  union 
of  PHj  and  HCb  but  at  —20^  the  cr^*stalUne  solid  is  producet!: 
PH.  +  HCIsziPH.CL 

Dissociation  by  heat  is  modified  by  pressure.  If  a  mLxtuie  of 
PHj  and  HCl  he  subjectefl  to  pressure  at  0°,  imion  takes  place  and 
under  13  atmospheres  it  is  complete.  If  the  pressure  is  increased 
the  temperature  of  dissociation  is  generally  raiseci  and  vice  rersn. 
For  each  temperature  there  is  therefore  a  dfesociation  pressure  and 
for  each  pressure  a  dissociation  temperature. 

Mass  Action  and  Molecular  Dissociation.— In  dissociation  by 
heat  there  is  a  change  in  the  number  of  molecules,  and  the  condi- 
tions of  equilibrium  will  varj'  with  the  external  pressure.  In  the 
reaction  NjO^^NO^  +  NO^  we  have  p=Kp'^,  In  the  thermolysis 
of  carbon  dioxi<y'2C05i^2CO  +  Oj,  we  have  p'-AyV- 

Friedel  found  that  for  highly  dissociated  gases  the  undisso- 
ciated  p>rtion  Ls  proportional  to  the  external  prcsmire. 

In  the  dissociation  of  a  solid,  the  conditions  are  somew^hlt  dif- 
ferent. The  solid  acts  only  through  its  vapor  tension,  which  Is 
conh?tant  for  any  given  temperature  and  is  independent  of  the 
active  mass.  In  the  reaction  CaCt  )g=CaO+COj  we  have  p=Kp*(f. 
The  only  variable  here  is  q%  or  the  pressure  of  COj,  and  this  over  a 
mixture  of  calcium  carbonate  and  calcium  oxid  will  have  a  value 
independent  of  the  tnasses  of  these  present.  This  value  is  called 
the  dissociation  pressure  of  calcium  carbonate  and  it  increases  as 
the  temperature  increases. 

The  term  A'  is  called  the  dwsociatwn  constant, 

Hydrolysis,^h?alts  w^hich  represent  a  weak 'acid  or  a  weak  base 
or  both  are  decomiwirLed  more  or  less  completely  by  water  with  the 
fonnation  of  the  acid  and  the  base.  A  solution  of  such  a  salt  will 
be  acid  or  alkaline  a^  the  aiHd  or  the  base  may  be  the  stronger. 
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For  example^  a  solution  of  Boclium  hypochlorite  m  dbtinctly  alka- 
line because  of  the  following  decompoaition : 


or  m  ions: 


NaC10+ H3O  =  NallO  +  HCIO ; 


Na'+C10'  +  HH-H0'  =  Na +HO'+HaO, 


Since  h%T>ochlorous  acid  is  weak,  there  is  union  between  the 
00 '  ions  and  tJie  H"  ions  to  form  the  undLssociated  1 1  CIO,  aiid  more 
water  d  issociates  to  supply  the  hydrogen  ions?.  In  this  way  hydroxy  1 
ions  increase  in  number  until  the  solution  is  alkaline. 

Agaiiii  copper  ehlorid  in  solution  !ia«  an  acid  reaction  because 
of  a  decomposition  which  jdeJds  free  hytlrochloric  acid: 

Cua,  +  2Bfi  =  ai(HO),  +  2HC1. 

Such  deeompositiona  are  called  kydrolyms  or  hydrolytic  disso-- 

Neutralization. — When  an  acid  and  a  bime  react  in  molecular 
pro[>ortiiins,  there  is  formed  a  salt  and  water,  both  of  which  are 
neutral.  Tins  process  is  called  n4mtralizaiiorL  K^  for  cjcainple, 
liydrochloric  acid  and  sodium  hydn>xjd  are  brought  together, 
sodium  ehlorid  and  water  are  formed : 

H.a'-fNa\HO'=Na%Cl'+HA 

Slnee  the  aeid,  base,  and  salt  are  all  ionized  in  the  solution,  the  only 
chrmical  action  is  the  union  of  the  hydrogen  and  hydrf>xyl  ions, 
ll'H-HO'^H^O.  This  reaction,  except  with  very  weak  acids  and 
biuic^i  is  practically  complete  because  water  is  almost  undL^socjated 
and  hydrogen  and  hydroxyl  ions  cannot  exist  together  except  in 
the  smallf^t  quantities. 

Indicators. — There  is  no  visible  change  in  a  mixture  when  the 
point  of  neutralization  Ls  reached ,  but  this  [XJint  may  be  determined 
by  aiiding  a  sul^tancc  whose  color  changes  when  the  reaction 
diaoges.  Suoh  substances  are  called  indwrtkyni.  T[\me  most  used 
Utmiis  (bhie  alkaline,  red  acid),  methyl  orange  (yellow  alkali ne^ 
jirid),  phenol phtl I alein  (red  alkaline,  cok>rle^s  acid).  Indicaton^ 
ane  generally  weak  acids,  but  a  few  are  bas^.  The  change  in  color 
fniH  to  be  due  to  the  formation  of  salts  which  differ  in  color  from 
be  irwlicator. 
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Several  theories  have  been  proposed  to  explain  the  action  of 
indicators.  That  baisoil  u]X)n  the  theory  of  ions  is  as  follows:  If 
a  drop  of  the  indicator  is  added  to  an  acid  solution,  its  dissociation 
is  reduce<i  practically  to  zen)  by  the  excess  of  hydrpgen  ions  and 
the  solution  will  have  the  color  of  the  undissociated  substance.  If 
a  base  Is  addeil  the  hydrogen  ions  unite  to  the  hydroxyl  ions  to 
form  water,  and  when  all  are  removed  the  indicator  dissociates  and 
the  solution  takes  the  color  of  its  anion.  If  the  acid  is  strong  the 
color  change  will  be  abrupt  and  the  point  of  neutralization  will  be 
sharply  defined.  If  the  acid  is  weak  the  H  ions  ^lU  be  so  few 
towards  the  end  of  the  reaction  that  the  indicator  will  begin  to 
dissociate  and  the  change  of  color  will  he  gradual.  In  this  case 
an  indicator  must  he  used  whose  dissociation  is  veiy  small  (phenol- 
phthalein).  If  a  weak  base  Is  to  be  titrated  the  indicator  should 
be  a  relatively  strong  acid  (methyl  orange). 

Indicators  are  used  to  show  the  end  of  other  reactions.  If,  for 
exampl(\  silvcT  nitrate  Is  adde*l  to  a  chlorid  solution  containing 
potasshim  (rhromate,  white  silver  chlorid  will  be  formed  until  the 
chlorid  ion  is  all  remove*  1,  when  red  silver  chromate  will  begin  to 
form.  Tli(»  first  ai)poarance  of  the  red  color  indicates  the  end  of 
tlie  reaction,  l^y  using  solutions  of  known  strength,  the  strength 
<»f  otluT  solutions  may  he  detcTinined.  Tliis  process  is  much  used 
in  analytic  rluMnistry  and  is  calico  I  vol\nnvinc  analyms. 

Relative  Strength  of  Acids. — Julius  Thomscn  of  Copenhagen  and 
Williclni  ( ).-twaKl  of  T.oipzis:  investigated  the  action  which  two  acids 
have  oil  «)iio  l)asi»  when  all  aro  ]U'csent  in  equivalent  proportions. 
Tlic  l)a>r  was  found  to  (listrihute  itself  between  the  two  acids,  the 
stroii<rrr  aci'l  taking  tlic  larger  i)ortion.  When  one  equivalent  of 
sodium  liy<lroxiil  is  mixed  with  one  ecjuivalent  each  of  sulfuric  and 
nitrir  aricl><,  all  in  normal  solutions,  the  reaction  takes  place  88 
follows: 

+  iH3SO,+iH,N,0,+2H,0. 

It  apprai-s  that  \\w  amount  of  sodium  nitrate  formed  is  twice  that 
of  scMlium  sulfate,  and  we  may  say  that  nitric  acid  is  twice  as  strong 
as  sulfuri<'  acid,  or  that  its  avidity  for  the  base  is  twice  as  great. 
WluMi  hydrochloric  and  nitric  aciils  are  used,  the  base  goes  one 

half  to  each  as  follows: 


\ 
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2HNO,+2Ha  +2NaH0  -  NaNO,+ NaO + HNOa+HCl  +  2H  A 

We  may  therefore  say  that  these  two  acids  have  equal  strength. 

Cheinioal  determination  of  the  composition  of  the  niixture  after 
the  n*action  was  inipracticablet  and  several  indirect  methods  were 
used^  the  principal  cjnes  being  as  follo^Ts; 

1*  The  themio chemical  method  uf  Thomsen,  based  upon  the 
heatfi  of  nentraliKation  of  the  acids  with  the  base  and  the  heat  prf>- 
duced  when  the  acids  act  upon  the  salts. 

2,  The  volume  method  of  L)stwald»  based  upon  the  changes  of 
olume  which  occur  when  the  solutions  of  the  acids  and  the  base 

miie  mixed. 

3,  The  accelerating  influence  of  acide  upon  certain  chemical 
actioa*^,  such  as  the  inversion  of  sugar. 

4,  The  electric  conductivity  method  of  Arrheniusj  based  upon 
the  theory*  that  the  conductivity  depends  upon  the  dissociation  and 
that  the  strength  of  the  acid  is  measured  by  the  decree  of  disso- 
elation. 

Tlie  relative  numbers  obtained  by  the  difTerent  methods  do  not 
eaictly  tigree,  but  the  oriler  of  strength  is  practically  the  same- 
Tlic  numbers  for  several  acitis  hh  det^rmineil  by  the  ther  mo  chemical 
methiKi,  nitric  acid  being  taken  as  the  standartl  with  a  strength  100, 
is  as  folbws : 


Nitnc  acid, . .  _ , , .  _  100 

j^Kydmbriimic  jwid,  , .  * .  * .  ^  *  S9 

^Bydriotllc  acid.  .,.»,,,,.  79 

^tdixitic  ttdd.  40 


Oxalic  ncid , .  24 

PhoJipKonc  acid.  ..,.**..  13 

MonochlonM^tic  acid 0 

Tartttrjc  acid.  ,...,,...,,.  6 

Acetic  acid.  ....  3 


lUlative  Strength  of  Bases. — The  relative  g;trpoirths^  of  bases  are 
Llound  by  niethods  ver>*  tiimihir  to  those  useil  for  acids.    Qmfli^tent 

jltA  were  obtained  by  tl»e  study  of  (1)  the  distribution  of  an 
acid  Ijctwei'n  (wo  btuses,  (2)  the  velocity  of  cherTiical  action  of  bases, 
f  '-*!-■ 'ri  fly  in  the  saponification  of  ethereal  ;salts.  and  (3)  the  con- 
i  V  uf  different  bases>     The  velocity  method  gave  the  follow- 

ing results,  lithinra  hydroxid  lieirig  taken  equal  to  100: 


LHbitttn  hydrrpxid 
godttim  hydfoxid. 


100       Potassium  hydrti-Xid  . . 
yS      Ammoiiiiim  hvdroxid.  , 


ito 
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CHAPTER  IX. 
STATES  OF  MATTER. 

SOLIDS. 

,  Form  and  Structure  of  Solids* — Solids  may  be  hoTnogeneoui  or 
heterogeneous.  They  are  homogeneous  when  they  contain  only 
one  kind  of  matter;  heterogeneous  when  they  eondet  of  a  mixUire 
of  two  or  more  kinds  of  matter.  Caloite  and  qiinrtz  are  homo* 
geneous;  granite  and  the  ainmal  body  are  heterogeneous, 

SolidB  may  be  amorphous  or  crystalline,  Amoq^hoiis  golifla 
are  those  which  have  no  definite  form,  such  as  chalk,  limestone, 
flint.  A  crystalline  saUd  is  one  which  is  composed  of  crystals. 
A  crSf'stal  is  a  Bolid  bounded  by  straight  lines  and  plane  siirfiiccs 
so  arranged  as  to  make  a  definite  geometric  form.  Calcite  and 
quartz  occur  in  crystals;  marble  and  granite  are  orystfiUine. 

Amorphous  suhstances  are  usually  opaque.  Crystals  are  mostly 
transparent,  translucent,  or  white.  Some  are  colored,  but  in  many 
cases  the  color  is  due  to  impuritieB  or  to  water  of  crystallissation. 

Crystallisation,— When  a  solution  is  evaporated  the  solid 
sepanites  and  usually  in  crystals.  The  fonn  and  sijse  of  the 
crystals  depend  upon  the  nature  of  the  substance  and  the  rapidity 
of  the  oTaporation.  Some  solids  become  erystallfne  on  cooling 
from  fusion;  some  vapors  condense  to  crystalline  solids  without 
pasaing  through  the  liquid  state;  and  some  metals  when  displaced 
by  ohcmi<mf  action  or  electrolysis  separate  in  crystals, 

UlnstrationB. — Mj^ke  a  hot  satiiratpd  roIutioti  of  cf>mTron  alum  mul  ijott 
the  fine  oetabedral  crystals  which  form  as  it  cools.    MeJt  sulfur  in  a  clay 


crucible,  let  cool  (in til  a  crust  is  formed  nn  the  surface,  break  the  crust 
and  pour  out  the  liquid,  ftud  uote  the  tn^stals  which  hare  formed,  Plaoe 
ft  few  cry&tais  of  iwjiu  in  a  flask  or  tulwt  he^it  until  the  vessel  is  full  of 
the  purple  vapor :  crystals  form  on  the  cool  wall  of  the  vessel.  Place  a  drop 
of  mercury  in  a  sol%tLon  of  silver  Dilnite* :  ihe  luareury  displaces  the  silver 
and  the  ailver  Id  £t»p;t rated  in  rieedle^haped  crystals. 

Water  of  Crystallization.— Many  aubetances  crystalliKiDgf  from 
e0lation  carry  down  with  them  a  definite  amount  of  water,  called 
water  of  cri/iftaUization*  The  water  is  held  iii  the  crystals  by  a 
iort  of  molecular  attrat'tiou  and  in  molecular  proportions,  one  or 
more  molecules  of  water  being  taken  by  each  molecule  of  the  sub- 
stance. Calcium  sulfate  (gypaum)  takea  two  molecules  of  water 
to  each  molecule  of  the  sulfate;  copper  sulfatCi  five;  iron  sulfate, 
^_fic;Ten;  borax,  ten;  and  alum,  twelve*  When  such  eubstancea  are 
^HbeatHl  the  water  is  driven  oS  and  the  crjatals  fall  to  powder.  It 
P  is  like  removing  two  out  of  three,  five  out  of  six,  or  twelve  out  of 
1      thirteen  bricks  from  a  wall, 

^^  lUustrationa.  —  Heat  in  a  tube  a  crystal  of  copper  sulfate:  the  water 
^Bpxj^ieUnil  condijnses  on  the  tube  above.  Heat  a  piece  of  almn  or  borax  :  it 
^^ppcara  to  melt,  the  liberated  water  of  crystal  ligation  laying  so  abaudant  aa 
to  dtiiAoIve  the  substance.  On  continuing  the  heating  the  water  is  all  dnven 
off  and  the  dry  salt  retnaina. 

Many  crystalline  auljstances  contain  no  water  of  cmt-allization 
and  are  «aid  to  bo  anhijdrmist.  Such  are  common  salt,  limestone, 
c^uartK.  and  potaasium  chlorate.  These  on  being  heated  give  off 
00  water* 

Some  orystalfl  on  e^tposure  to  the  air  gradualiy  lose  their  water 
(•rj*Ktalli/jition  and  fall  to  powder.     This  is  called  ^fftoreM-enei^, 
)thor  substances,  whether  containing  water  of  crystallisation  or 
not,  ahsiorb  moisture  from  the  air  and  hecome  tlamp,  or  even  dis- 
solve 10  the  water  absorbed.     This  m  called  ddiqmscencf. 

niuitJAlioaa.— EKptisij  a  few  crystals  of  iron  snlfate  to  the  air  for  a  few 
nyit  ami  iHitr*  rhe  efflureseence.    Magnesium  chloric]  and  ferric  chlond  dis- 
soivo  in  moist un^  ahaorU-d  from  the  air. 

Systems  of  Crystallization.— The  axes  of  a  crystid  are  three  or 

fofl^  ima|.n nary  lines  pa^'^ing  through  its  center  and  terminating 

la  iu  laces  or  angles.     In  any  given  substance  the  relative  lengtha 

ad  indinaiion  of  the  axes  and  the  angles  between  the  correspotiJ- 

'faces  are  constant.     The  general  want  of  geometric  regularity 
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in  eryatals  ie  due  to  the  fact  that  some  faces  are  extended  and 
others  reduced  in  size.  The  position  of  the  faces  is  determined 
by  the  angles  which  they  make  with  one  another  or  the  lengths 
which  they  cut  off  on  the  axes.  The  lengths  of  the  axes  are  com- 
puted  from  the  fundamental  forms, 

Hemihedral  forms  are  those  which  are  obtained  by  extending 
alternate  faces  until  they  intersect  so  that  one  half  of  the  fkeefl  i 
obliterated.  * 

A  study  of  the  various  forms  of  cFystals  shows  thsi  they  may 
aU  be  referred  to  six  systems  characterized  by  the  length  and 
direction  of  the  axes. 

I-   Isometric   Si* stem. ^ — Three  ases  at  right  angles  to  one  I 
another  and  equal. 

The  fundamental  forms  are  cube,  Fig.  8,  octahedron,  Fig,  9, 


Fig,  8. 


Fig,  10. 


Fig.  U. 


rhombic  dodecahedron.  Fig.  10»  and  trapezohedron,  Fig,  11. 
These  forms  occur  In  various  combinations :  cube  and  octahedron, 
Fig.  12,  cube  and  dodecahedron,  Fig.  13,  octahedron  and  dodec- 
ahedron. Fig.  14.  The  tetrahedron,  Fig-  15,  is  a  hemihedral  form 
of  the  octahedron. 


^/ 


Fig,  12, 


Fio.  13, 


Fig,  14 


Fro.  15. 


Some  of  the  substances  cystallizing  in  this  ajretem  are  common 
ealt,  fliinr-epar,  diamond,  garnet,  spinel,  alum,  and  iron  pyrites. 

IL  Tetragonal  or  Dimetric  System, — Three  axes  at  right 
angles,  two  equal  and  one  longer  or  shorter.   ,There  are  two  orders 
,of  formSj  eomf^times  diRtinguiehed  as  phis  and  minuB,  the  axeij 
going  in  the  one  to  the  faces  of  the  prism  and  in  the  other  to  tli€ 
lateral  edges. 
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The  principal  forisB  are  the  rigbt  fiquare  prism  plus  and 
minus.   Figs,  16  and  17>  and  the  square  octahedron  pltiB  and 


Fio.  le. 


Fio,  17. 


Fio.  18, 


FiQ,  Ifl, 


niinuB,  Figs*  18  and  19.  The  plus  and  minus  tetrahedrons  are 
faemihedral  forms  of  the  octahedron^  Figs.  20  and  21. 

Subetauces  crystallizing  in  this  sjetem  are  zircon,  tin  dioxide 
yellow  pru&eiate  of  potash. 

II L  Orthorhombic  System.— Three  axes  at  right  angles  all 
of  different  lengths.  The  longer  axis  is  called  the  macrodi agonal 
and  the  i^horter  one  the  brachydiagonaL  There  is  often  a  series  of 
faces  variously  inclined  to  the  yertical  axis.  These  are  called 
flfoffjpif;  those  parallel  to  the  longer  axis  are  macradomes  and  the 
others  brach^domes* 


^ 
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Flo.  21. 


Fie,  2%. 
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The  principal  forms  in  this  sTstem  are  the  right  rectangular 
pri^ni.  Fig.  22,  the  right  rhombic  prism.  Fig.  23,  and  the  rhombic 
octttlii*dronj  Fig.  ^4,  There  are  numerous  combinations.  Fig.  30 
represents  a  crystal  of  sulfur  upon  which  are  eeen  planes  of  the 
rhombic  prism.  1,  the  rectungular  prism,  ri,  a  series  of  octahedrons, 
1*  ^»  i»  I*  *^  brachydome,  Ik  iu  and  a  macrodome,  1/. 

Substances  crystallizing  in  this  system  are  niter,  barium  suU 
fnto,  flr»»gonit-c.  topas,  and  native  sulfur* 

IV.  Mox-ocuKTr  SvsTKM. — Thit^e  axes  all  unequaU  two  in- 
cIin«Hl  and  the  third  perpend ictilar  to  their  plane.  The  principal 
forms  are  the  oblique  rectangular  prism,   Fig.   35,  the  oblique 
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>mbic  prism,  Fig.  26. 
ombic  system. 


73^. 


<6 


V- 


Domes  are  common  w  in  the  oitho- 


Fig.  24. 


Fig.  25. 


Fig.  86. 


Fig.  27. 


Substances  crystallizing  in  this  system  are  sodinm  carbonate, 
sulfur  cooled  from  fusion^  feldspar,  selenite^  ferrous  Balfate,  borax, 
and  cane-sugar.  * 

V.  Triclink'  System. — Three  axes  all  unequal  and  all  in- 
clined.    Tlie  principal  form  is  the  doubly  oblique  prism.  Fig.  27. 

Crystals  of  this  system  are  seen  in  copper  sulfate,  boric  acid, 
potapsiuni  dichromate,  and  a  few  other  substances. 

VI.  Hexagoxal  System. — Four  axes,  three  equal  and  cross- 
ing at  angles  of  G0°,  the  fourth  perpendicular  to  the  plane  of  the 
other  three  and  longer  or  shorter.     The  principal  forms  are  the 
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Fio.  28. 


Fig.  29. 


Fig.  30. 


hr-xafronjil  ]>ri?m,  V\<:?.  l^s  and  *^0,  the  hexagonal  pyrji 
oK  aiul  llu'  r]i(>ni])oho(lrr)n  (►btiisc*  and   acute,  Figs.   ? 
Tlic    rlioml)n]icdrf)ii    i.s    tin*   hrniihodral    form  of   tlK 
])yr!nni(l,  and  its  relation  to  \\w  hoxagonal  i>rism  is  ' 

;m. 

Crystals  of  this  system  an*  soon  in  corundum 
calcitc,  ^Taphito,  tourmalin,  ijidcritc,  apatite. 
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IsCH,  Di-,  ajid  Trimorphism. — Wheo  two  or  more  sttbataGces 
crystalline  in  the  same  form  they  arc  said  trf  be  isoinorphous.  Tho 
chloridn,  bromids*  and  iodids  of  sodium  and  potaegium  all  crystal- 
lize iii  cubes.     The  YariouB  aluma  crystallize  in  octahedrons  of  the 
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TiQ.  81.  Fig.  33,  Fio.  33.  Fio.  $4 

isometric  system.  Calcitef  dolomite*  and  magnesite  occur  in 
rhombohedroiis  of  the  hexagoaal  system. 

When  a  substance  has  two  crystalline  forma  it  is  said  to  be 
dunorphoHs,  Sulfur  cooled  from  fusion  forma  mono  clinic  prisms; 
native  sulfor  occurs  in  modified  rhombic  octahedrons.  Calcium 
carbonate  is  rhombohedral  ag  calcite  and  orthorbombic  aa  ara- 
nite*  Carbon  as  diamond  is  isometric;  as  graphite  it  is  hei- 
agtmab 

Wlien  a  substance  crystallizes  in  three  or  more  systems  it  is  said 
to  be  irtmQrphou&  or  polpmrphous.  Sometimes  two  dimorphous 
substances  are  ieomorphous  in  both  forms.  This  is  called  mdi- 
Uff/rphimi, 


MQUIDS. 

Character  of  a  Liquid. — In  a  liquid  th^  molecular  attraction  is 
m  weak  that  tLiu  body  cannot  retain  it^  shape  without  support* 
It  nmsif.  therefore  be  c-ontaine'd  in  a  vessei  and  its  free  surface  is 
j^Tery^here  pnrallel  with  the  surface  of  the  earth.     When  the  wall 

the  vessel  is  removed  the  liquid  flows  away  in  that  direction 
which  brings  it  to  the  lowest  level 

Equilibrium. — ^When  all  points  of  the  surface  of  a  liquid  are 
at  the  same  level,  there  is  no  tendency  to  flow  and  it  is  said  to  be 
in  equilibrium.  If  one  point  u  lower  than  another  the  liquid  flows 
tcward  the  lower  ] joint-  Liquids  etaud  at  the  same  level  in  com- 
mimicating  vessels,  hut  if  the  liquid  in  one  %*essel  has  a  greater 
dennity  than  that  in  the  other,  it  will  stand  at  a  lower  level,  and 
the  difference  of  level  will  vary  as  the  difFerencc  of  density. 
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Illixitrttions.— Partly  fill  a  U  tube  with  water  and  note  the  level  in  the 
two  iiriiis.  Add  to  one  arfti  some  alcohol  and  note  again  the  level.  Bepeat 

the  experiment  with  mercury  and  water. 

Fluidity  and  Viscosity.  —  The  strength  of  the  molecular 
cohesion  iu  a  liquid  determines  its  fluidity.  If  the  attraction  is 
small  and  the  flow  easy^  the  liquid  is  said  to  be  limpid;  if  the 
attraction  is  strong  and  the  flow  difficult,  the  liquid  is  said  to  be 
visccnis. 

Buoyancy. — If  a  solid  is  immersed  in  a  liquid,  it  is  buoyed  np 
by  a  force  equal  to  tlie  weight  of  the  water  displaced.  If  the  density 
of  the  solid  is  less  than  that  of  the  water,  it  will  float;  if  greater, 
it  will  sink  and  rest  upon  the  bottom  with  a  pressure  equal  to  the 
difference  between  its  weight  and  the  weight  of  the  water  dis- 
placed. This  is  the  principle  of  specific-gravity  determinations 
with  the  hydrometer  and  by  weighing  in  air  and  in  water. 

Surface  Tension. — The  free  surface  of  a  liquid  is  composed  of 
a  sheet  of  molecules  which  are  in  a  state  of  tension  and  press  with 
a  certain  force  upon  the  liquid  below.     This  is  called  surface 
feHsivn.     If  the  quantity  of  the  liquid  is  small,  as  in  drops  of 
water,  the  effect  of  this  pressure  is  to  make  it  assume  the  spherica 
8lia|)e.     The  liquid  may  have  two  surfaces  of  tension,  as  in  t> 
sr»ai)-lilm;  or  the  double  film  may  enclose  a  gas,  as  in  the  f 
])ul)M<':  or  a  pis  may  1)0  surrounded  by  the  liquid,  as  with  bt 
of  air  ill  water:  or  the  films  may  bound  two  liquid  surfac 
when  droj)s  of  oil  lloat  in  water. 

Surface  tension  is  nioasurod  in  various  ways.     In  the  eaf 
nioilmd  the  height  lo  whicli  the  licjuid  rises  in  a  capillar}^ 
uicaMinMl  a  nil  from  this  the  tension  is  calculatctl. 

Surface  tension  affords  a  moans  of  ascertaining  the  i 
complexity  of  liquids.     Invostifiations  by  this  method  ha' 
tliat  most  li(iuids  are  normal;   that  is,  the  liquid  molec' 
sam<'  (•nm]>osition  as  the  ^as  molooulo.     In  some  case 
r\i\r>  aro  as.-ociatod  or  condensed  into  complex  aggre. 
molecule  of  water  is  thu.s  shown  to  have  the  formula  (' 

UASKS. 

Kinetic  Theory  of  Gases.— The  })eculiar  propert' 
explained  l)y  what  is  called  the  kinetic  theory  of  gas 
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ppoees  that  the  molecules  art' Continually  nioving  with  great 

pidity  m  straight  lines,  and  are  so  far  apart  tliat  their  mutual 

iction  IB  smalL     The  moving  molecules  are  coi^tAntly  inipin- 

against  one  another  and  against  the  walls  of  the  container  and 

^imding  T\ith  perfect  elasticity*    This  impact  of  the  molecules 

riye  to  the  force  which  In  called  pressure.    Since  the  molecules 

vcr\'  light  and  but  slighth'  influenced  by  gravity,  the  pressure 

I  practically  tnijual  m  all  directions. 

Pressure  of  Gases* — If  a  gm  is  uuconfiued,  it  tends  to  expand  in- 
i^finitely,  becaui^e  the  surface  molecules  meet  with  no  resistance, 
'  the  gaa  is  confined,  the  moleculeB  impinging  upon  the  wall  of 
container  produce  a  pressure  the  force  of  which  will  depend 
kpon  the  qtiantity  of  gas  within  the  space.  K  we  doul>1e  the 
^U!intit\%  the  prcii^ure  is  doubled,  and  if  we  diminish  the  quantity, 
the  presiunre  h  correspondingly  diminitihed. 

The  force  with  which  a  gaa  tends  to  expand  when  external 
Bisure  in  removed  ia  called  its  iennmi*  The  tension  is  equal  to 
be  external  pressure.  The  two  words  may  therefore  be  used 
iterchaugeiibly* 
Partial  Pressure  of  Gases. — If  two  or  more  gases  are  contained 
in  a  vessel^  each  expands  and  fills  the  space  as  if  the  others  were 
not  preseulj  and  eacli  exerts  its  own  pressure  upon  the  walls  of  the 
iressel.  This  is  called  partial  preisure.  The  sum  of  the  partial 
pres^res  is  the  total  pressure. 

Atmospheric  Pressure. — The  atmosphere  is  a  great  aerial  ocean 
which  surrounds  tlie  earth  and  exerts  a  pressure  upon  all  brxlies* 
This  pressure  is  greatest  at  the  surface  and  dimiuiBhes  rapidly 
purard.  The  pressure  of  a  gas  is  apparently  zero  when  it  is  equal 
that  of  the  atmosphere;  it  is  minus  when  less  than  and  plus 
when  greater  than  the  atniospheric  presaui-e. 

The  Barometer. — If  we  take  a  tube  more  than  7*^0  mm.  long, 
losed  at  one  end,  and  fill  it  with  mercury  and  invert  in  a  vessel 
mercury,  the  column  will  fall  until  its  weight  Just  bidances  the 
ight   of   the    outride   air.     By    measuring  the  length  of  this 
[>ltimn  of  mereury  we  obtain  a  measure  of  the  atmogpheric  pres- 
pire-     Such  an  instrument  with  the  scale  attached  for  the  meas- 
ement  is  called  a  barmnetm\     The  empty  space  at  the  top  of  tha 
it  caUed  the  TorrirelHan  vaenfiffff  because  it  was  first  dig- 
by  Torricolli,  a  Florentine,  in  1643* 
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Two  kinds  of  mercury  barometer  are  in  use,  the  cistern  barom- 
eter and  the  siphon  barometer.  In  the  former  the  tube  liips  into 
a  cisteFii  which  is  provided  with  an  arrangement  by  which  the 
mereur)'  can  always  be  brought  to  a  fixed  level.  A  brass  scale  witL 
vernier  m  attached  by  which  the  height  of  the  column  can  be  read 
ver>^  accurately. 

The  .siphon  barometer  Is  much  used  in  laboratories  and  k  ver}^ 
convenient.  It  Ls  a  bent  barometer-tube  \\ith  the  two  hmhs  grad- 
uated in  opposite  directions  so  that  the  difference  of  the  readings 
is  the  barometric  height. 

ReatHngs  are  always  taken  at  the  top  of  the  meniscus  and  the 
line  of  sight  should  be  horizontal  to  avoid  error  due  to  parallax. 

Barometer  Corrections, — Since  mercury  elands  w^hen  heated, 
the  coliuim  which  balances  the  atmosphere  becomes  longer  as  the 
temperature  rises.  The  length  of  the  column  at  0*^  is  taken  m  the 
standard.  The  coefBcient  of  expansion  of  mercury*  for  a  change 
of  l"*  is  0.000182,  and  the  formula  for  reduction  to  0*'  k 

;t,-ft(  1-0.0001820. 

The  scale  also  is  affected  by  heat .  The  coefficient  of  expansion 
h  for  glass  0.000155  and  for  brass  0.00002.  Since  the  scale  and 
the  mercurj^  expand  in  the  same  direction,  the  tnie  errcjr  will  be 
the  difference  between  the  expansions,  and  the  correction  for  both 
scale  and  temperature  will  be  for  glass  ^0  =  ^(1—0.0000270  and  for 
brass /^,  =  Hi -0,0001620. 

Other  slight  corrections  are  made  in  verv^  accurate  work  for 
latitude  and  for  the  depression  of  the  column  due  to  capillar)^  action 
and  the  vnpnr  tension  of  mercury. 

Stand^d  Pressure."  All  gaees  sustain  considerable  changes  of 
volume  under  changes  of  pressure*  When^  therefore,  a  gas  m 
measured*  the  reading  of  the  barometer  must  be  taken  so  that  the 
pressure  upon  the  gaa  may  be  known,  and  the  volume  must  be 
corrected  to  some  standard  preBsnre*  The  standard  ueually 
adopted  is  the  weight  of  a  column  of  pure  mercury  at  O*'  and  760 
mm.  (29.922  inches)  high.  This  is  ahout  the  average  pressure  of 
the  atmosphere  at  sea-level  in  latitude  45"^.  It  is  equal  to 
1033,296  grams  per  square  centimeter  or  14,69  pounds  per  square 
inch. 
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Elasticity  of  Gases. — ^ Oases  ar^  perfectly  elastic.    After  having 
been  com  pressed  they  return  to  the  original  vohime  wbeu  the 
fire^ure  is  removed,  ud*!  they  give  out  as  muuh  energy  in  ex|)iind- 
dg  ae  wa^^  U8ed  in  oompre^iiig  them. 

The  Air-pump « — Tlie  air-pump  is  an  iiiBtrument  for  removing 
liir  or  other  gaees  from  eloiitd  vesfiek.  The  highest  vac*uum  is 
obtained  with  tho  iiieroury-pump,  in  which  the  TorrioeUian 
racuam  u  made  use  of^  and  the  Hprengel  pimip  mny  he  taken  as 
illustnitic>ri>  It  consists  of  a  long  baronit?ter-tube  furuiahed 
rith  a  fnnnel,  stop-coek,  and  side  tube,  and  dipping  below  in  a 
iv^i^X  of  niercory*  The  dtle  tube  U  attached  to  the  \t*&m\  to  be 
Bxliansted  and  mereury  ia  allowed  to  iiow  dowly  down  tho  tube. 
^m  h  drawn  in  from  the  fiide  tube  and  goes  down  with  the  mer- 
bury,  separating  tho  uolnmn  into  sectione.  When  the  exhaustion 
complete  the  mereury  flows  in  a  continuous  column. 
With  the  common  metal  pump  a  vacuum  representing  a  pres- 
sure of  1)1  le  millimeter  of  mercury  is  couisidered  good,  but  with  the 
lercury-pump  the  pressure  may  eaaily  be  reduced  to  one 
:iougandth  of  a  niillimeter  or  one  millionth  of  an  atmosphere. 
Such  a  pump  is  UBed  m  exhauBting  the  incandesceut  eleetric-Iight 
bulb& 

Gas  Laws. — Gases  have  been  found  to  act  in  accordance  with 

Ihree    remarkable  law^,  the  discovery  of  which  has  profoundly 

Lnfluenced  iht*  development  of  chemical  science.    They  are  krMj\>^n 

i  the  hiw  of  Boylc,  the  law  of  Gay-Lussac,  and  the  law  of  Avogadro, 

he  first  relates  to  tJie  effect  of  pressure  u]X)n  gas  vohuue.  the  second 

the  effetU  of  temperature  ui>on  gas  volume,  and  the  third  to  the 

ilumc  of  the  gas  molecule.    The  last  has  already  been  exphiiued. 

Boyle^s  Law,— This  law  was  diecovered  by  Robert  Boyle  of 

Jnglami  in  KKItl,  and  independently  by  the  Abbe  Mariotte  in 

1079.     It  may  be  stated  in  three  phases  4^  follows; 

L  The  volume  of  ii  given  weight  of  a  gas  Yaries  inversely  aa 
the  prt^ftBure  upon  it. 

I  Tho  weight  of  a  given  volume  of  a  gas  varies  directly  as  the 
[vre^iire  upon  it. 

3-  The  dendty  of  any  gas  varies  invereely  as  the  volume  atid 
lirectly  m  the  presj^ure. 

This  is  oxpreMsed  itlgebraically  as  follows: 


r  :  V 


vp  —  r //  =  a  constant,    and   v  =  -^^ 

P 
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in  wliioli  V  is  the  volume  of  a  given  weight  of  gas  at  a  preasnre/y, 
and  v'  the  vohime  of  the  same  gas  at  the  pressure  j!?',  the  tempera- 
ture remaining  the  same.  If  d  and  d'  represent  the  densities  of 
vohimes  v  and  v'  under  the  pressures  ;;  and  p\  then 


d  :  d'  :: 2)v'  :  p'v, 


and    d  =  — ^. 
vp' 


The  law  may  he  demonstrated  as  follows: 

Take  a  bent  glass  tube  with  unequal  arms,  having  the  shorter  aim 
closed,  pour  inorcurv  into  the  tube  until  the  bend 
is  closed  and  the  mercury  stands  at  the  same 
height  in  lK)th  arms.  The  enclosed  Jiir  is  now  sub- 
jected to  a  pressure  of  erne  atmosphere.  Add 
more  mercury  to  the  tul>e  and  note  that  as  the 
longer  arm  fills,  the  volume  of  air  in  the  shorter 
arm  diminishes.  When  the  difference  in  level  of 
the  mercury  in  the  two  arms  is  TOO  mm.,  that  is, 
when  the  pressure  upon  the  enclosed  air  is  two 
atm()S]i)ieres.  it  w'iW  l)e  found  that  the  volume  has 
been  rc(iuc«'d  one  luilf. 

This  law  holds  for  most  gases  within 
the  ordinary  raiiire  of  tem])orature.  As  the 
temperature  is  lowered  and  the  pressure 
incn'!i>e(l  eiTtain  ileviations  arc  observed. 
A^  the  L^as  approaches  tlio  critical  teniper- 
ai.ur«'  and  pressure,  that  is,  the  j)oint  at 
wlii<']i  it  he^iius  to  li(juefy,  this  deviation  is 
c<)Tisii]er:il)le,  and  dilVerent  for  ditTorent  gases. 

The  (lia<rrain,  after  Xattercr,  illustrates  the  action  of  hydrogen 
and  of  ethylene  at  ()0^.  If  the  hiw  were  strictly  followed,  the  lines 
would  \)r  >traiL^lit  and  ])arallel  to  the  hcmzontal  axis. 

Gas  Volume  ^d  Temperature.    Law  of  Gay-Lussac. — ^The  effect 
of  elianjres  of  toinneraturc  upon  the  vohinie  of  ga.ses  was  investi- 
gated l)y  (lav-Lii^^ae  of  Paris  in  1.S02,  and  later  by  John  Dalt^ 
of  l^Mi^laiiil  anrl  .lac'iues  A.  C.  Charles  of  Trance.    It  was  found  th 
within  ratlier  wiie  ranges  of  tcni])eraturo  and  for  most  gases 
increase  of  one  .le«rree  causcnl  an  increase  of  volume  equal  to  p' 
.yf  J  of  the  voluin(*  at  0^.     This  law,  which  is  called  the  law  c 
Lussac,  or  of  l)alt(»n,  or  of  Charles,  is  expressed  by  the  equa 
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in  which  »— the  volume  at  temperature  t  and  t>o~tt®  volume 
atO°. 
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PRESSURE  IN  METERS  OF  MERCURY 

Fio.  36. — Deviations  from  Boyle's  Law. 
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Changes  of  volume  and  of  pressure  follow  the  same  law,  and  if 
we  substitute  p  for  v  we  have 


'"^^  +  2^)' 


or    p=po(l +0.0036650, 


which  is  the  equation  for  pressure  change  due  to  change  of  temper- 
ature. 

If  pressure  and  volume  are  both  allowed  to  change,  the  effect 
will  be  divided  between  them  and  we  shall  have 

pr=PoVo(l+0.003665<), 

which  equation  combines  the  laws  of  Boyle  and  Gay-Lussac.    If 
Pp»760  millimeters  the  equation  may  take  the  form 


pi^-VpX 


760(273+0 
273 


,    or    t?o=t?X=^X 


273 


760^  273+r 


The  last  expression  is  much  used  for  reducing  gas  voliunes  to  stand- 
ard conditions  of  pressure  and  temperature.  When  gases  are  meas- 
ured over  water,  p  will  equal  the  barometer  reading  minus  the 
aqueous  vapor  tension  for  the  temperature  L 

Deviations  from  Gas  Laws  Explained. — ^The  deviations  from  the 
laws  of  Boyle  and  Gay-Lussac  are  explained  by  the  kinetic  theory 
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of  gases^  In  Ihtise  laws  the  volume  oct-ypicil  by  Uie  molecules 
themselves  is  not  taken  into  consideration*  Wlien  the  prt^urr  is 
low,  the  mtjlet'uliir  intersparcs  art*  large  eonipami  with  the  size  nf 
thf?  molecules.  When  the  pressure  is  high,  the  space  occupief]  hy 
the  molei'ules  b  e«>nsi<leriible»  In  the  ease  of  hydrt.igen  the  pmihirt 
pv  h  always  higher  than  it  should  be,  Thb  was  expUuiuHJ  by 
Natterer  to  be  due  U)  the  fant  tlmt  the  niol^'ules  occiipjcd  Bimce. 
If  this  ^ace  is  represented  by  fc,  the  equation  becotneEi  p{v-~b) »  /iff, 

T  being  absolute  temperatiire  (273+/)*  and  R  representing  ^4« 

which  is  CI  instant  when  p=7G0  nmi. 

With  many  gast^,  as  the  prf_^«siire  decreases^  the  value  of  pr 
becomes  tiio  smalL  Van  der  Waals  ascribed  this  deviation  to  tlie 
mutual  attraction  of  the  molecules  whic}\  wouM  act  in  the  direction 
of  the  pressure.  This  attraction  m  inveiBely  prcjportional  to  the 
square  of  the  distance  betw^een  the  molociU^.  Hi  is  distance  varWs  i 
as  the  square  of  the  density,  or  inversely  as  the  square  of  th^  vol- 
ume.    If  a  represents   the  molecular  attractit^n   when    the  gas 

occupies  unit  volume,  the  pre^ure  increment  for  any  volume  v  h^ 

and  the  equation  becomes 


^p+£,)(r-f,)=flr. 


This  m  known  bs  Van  der  Wauh' equation,  Amagat  found 
Btants  for  ethylene  to  be  o-0.r)(>7K6  and  b=i)M24.  Wi 
numbers  he  obtained  the  following  very  satii^fact^T 
repregenting  atmospheres  and  v  being  equal  U>  1000  w  het 


p 

pf  Db*«rlfed, 

frt'  Cmie^nHU 

1.0 

1000 

1000 

45.8 

781 

3 

r 

J76.0 

043 

m 

282.2 

951 

m 

The  value  of  the  constant  R  may  be  comput 
ti meter  <if  merciin^  weiglis  13/29  grams  CJid  p^j  B^ 
of  76x13.59=1033  i^raniB  per  square  centimet 
of  cuie  molecular  weight  of  a  gai^  ia  22|240  cubk  <t 
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value  of  R  then  becomes 

22240X1033    ^..^ 
R 273 ^^^• 

Mass  Action  and  Gases. — ^When  a  reaction  takes  place  between 
gases  with  a  gaseous  product,  the  partial  pressure  of  each  constitu- 
ent gas  will  be  proportional  to  the  number  of  its  molecules,  or  to 
the  active  masses,  and  hence  pressures  may  be  substituted  for 
masses  in  the  equation  of  equilibrium.  In  the  reaction  Hj+I^^ 
HI+HI,  we  shall  have,  according  to  the  law  of  mass  action,  since 

in  which  p,  g,  and  (]f  represent  the  partial  pressures  of  H,  I,  and  HI 
respectively.  In  this  reaction  Lemoine  found  the  value  of  the 
constant  to  be  at  440°  iC= 0.0375.  Since  in  this  case  there  is  no 
change  in  the  number  of  molecules,  the  constant  K,  or  the  condi- 
tion of  equilibrium,  is  independent  of  the  external  pressure,  because 
if  the  pressure  is  changed^  each  partial  pressure  is  changed  in  the 
same  ratio. 


CHAPTER  X 

COEAKGES  OF  PHYSICAL  STATE, 

SOLID   AND  LIQUID. 

Fusion  and  Solidificatioflp — If  the  temperature  of  a  solid  is 
sufficiently  raisetl,  it  becomes  a  lii|uid  and  is  said  to  fuse  or  mdt. 
If  the  temperature  uf  a  hquid  is  sufficiently  lowered »  it  becomes  a 
solid  and  m  said  to  freeze  or  solidify.  Tlie  temperature  at  which 
a  Hfilid  becomes  a  liquid  m  called  its  melting-  or  fiising-poinlf  and 
the  iemiJeratiire  at  whicli  a  liquid  becomes  a  solid  is  called  its 
freezitig-  or  solidifyiii^'pomt.  For  any  one  substance  the  two 
point-s  are  generalh'  one  and  the  same.  Some  substances  change 
their  state  abruptly,  like  ice,  while  others,  like  iron,  soften  and 
become  plastic  before  melting* 

To  detennlue  the  melting-point,  the  solid  is  placed  in  a  small 
glass  tube  which  is  attached  U)  a  thermometer,  and  the  whole  is 
immersed  in  a  liquid  which  boils  at  a  temperature  above  the  melt- 
ing-point to  be  determined.  The  liquid  is  heated  and  the  tem- 
peratiire  noted  at  which  the  solid  melts.  Such  determinations 
have  little  accuracy. 

To  detenniue  the  freezing-point,  the  liquid  or  the  melted  solid 
is  slowly  cooled  until  it  begins  to  solidify  and  the  temperatuie 
noted  with  an  inrniersed  thermometer.  In  this  case  precaution 
must  be  taken  against  undercoolmg.  Liquids  will  generally  cool 
below  the  freezing-point  before  solidification  begins*  If  a  solid 
fragment  of  the  same  substance  be  added  to  an  undercooled  liquid, 
aolidificfttion  begins  at  once  and  the  temperature  rises  to  the  true 
frees&ing-iHjint.     These  determinatiorLs  are  quite  accurate. 

Cliange  of  Volume  during  Fusion,— Bodies  expand  as  the  tem- 
perature rises,  and  this  expansion  usually  continues  during  the 
process  of  fusion.  There  are  many  exceptions,  bowever,  as  in  the 
case  of  cn,'stalline  solids.  These  generally  expand  on  solidifying 
and  hence  contract  when  they  melt.    The  change  f>f  volume  is 
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always  snrnlL  In  the  eose  of  wat^r  it  b  uiiii^iiaUy  large ^  100 
Volumes  liecoming  109  of  ice. 

Effect  of  Pressure  on  the  Meltmg-point.— Incre^e  of  pressure 
lowers  the  meltiug-pomt  of  subi^tance^  which  expand  on  soUdify- 
iiig,  and  rabes  the  meltiiig-pomt  cjf  those  which  contract;  tiie 
change  in  any  case  is  smalh 

Heat  of  Fusion.— When  heat  is  applied  to  a  solid  the  tempera- 
ture rises  r^:ularly  until  it  bt^inis  to  melt^  then  remains  ccvnsUiiit 
until  the  fusion  w  complete.  The  heat  that  pas&es  into  the  body 
during  fusion  Is  called  latent  fteal  of  fumon,  or  dimply  heat  of  /imon* 
It  is  heat  cncrg;y*  usetl  in  loosening  and  separating  the  molecules 
and  increasing  their  motion  as  the  body  passes  from  the  solid  to 
the  liquid  st^te.  A  like  amount  of  lieat  Is  given  out  when  a  body 
paases  from  the  liquid  to  the  stolid  state. 

IUiistr«(JOD* — The  latenl  heat  of  ice  timy  be  ijf'termlned  by  tbc  method 
of  mixtiires.  One  kilogram  of  crushed  ice  at  0^  and  one  kilogram  of  boil- 
Iniij  « iit-fr  at  UK)*^  ait*  mixed,  WTien  the  ict?  ia  nil  mdted  the  temperature 
will  tie  lip.  The  temperature  of  the  water  was  lowered  through  90° ^  but 
ICP  of  tills  was  used  m  warming  the  nielt-ed  ice  from  0°  to  10'*,  so  80°  dis- 
atiptiared.     The  heat  of  fusiot^  of  ice  'm  therefore  80  heat^uiuts. 

Freezing  Mixtures. — ^W'hen  a  salt  is  dissolved  it  \drtually  passes 
inio  the  liquid  state  and  heat  is  absorbed  in  the  process.  If  a 
mixture  of  salt  and  ice  be  brought  together,  the  salt  conipels  the 
liquefaction  of  the  ice  in  order  that  it  may  dissolve  in  it.  In  this 
litiuef action  heat  must  become  latent  and  so  the  temperature  of 
the  mixture  is  lowereil.  Two  and  a  half  pan>i  of  powdered  ice 
ami  one  of  salt  will  give  a  temperature  of  -  IS^  C.  or  O""  F. 


SOLID   AKD   GAS. 

nnetic  Theory  of  Solids  and  Liquids. — According  "*  to  the 
kinetic  theoi^*  the  molecules  at  snlidi^  and  liquids,  m  well  as  those 
frf  gaAes,  are  m  active  motion.  Those  molecules  which  are  near 
the  surface  are  liable  to  pass  beyond  the  attractive  influence  of 
their  fellows  and  fly  away.    This  escape  of  molecules  is  called 

Evaporation  of  Solids,— Many  soUds  have  a  measurable  vapor 
sure  anil  pass  directly  into  the  gaseous  state.     Ice  gra^iually 
dtampi^esLTS  by  e\'aporation,  even  when  the  temperature  is  far 
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below  0°.     The  odor  of  solids  like  gum  camphor  b  due  to  escaping 
vapors. 

Sublimatioa. — Some  solids  when  heated  sublime;  that  is,  they 
become  g^eous  and  on  cooling  condense  to  the  solid  again  with- 
out passing  through  the  liquid  state.  Good  examples  are  iotlin 
and  ar»ont>tis  oxid.  Hubliniation  will  take  place  wheJi  the  solid 
hm  at  its  melting-point  a  vapor  pressure  not  far  from  the  atmos- 
pheric pressure,  or  when  the  boiling-  and  melting-points  are  close 
together.  Solids  sublime  under  reduced  pressure  because  of  the 
lowering  of  the  boiling*point. 


LIQ0IO    AND   GAS. 

Evaporation  of  Liquids. — Evaporation  takes  place  from  the 

surface  of  all  liquids.  Since  it  in  those  molecules  wliich  have  the 
highest  molecular  energ}^  that  escape  most  easil}^  the  mean  tem- 
perature of  the  remaining  liquid  is  lowered.  Evaporation  is 
therefore  a  cooling  process.  If  the  escaping  molecules  are  oon- 
tinuously  removed,  as  by  a  current  of  air  or  into  a  vaeuuiii,  the 
evaporation  goes  on  more  rapidly. 

niuAti-atioxis.'- Place  a  drop  of  ether  or  chloroform  on  the  back  of  the 

hand  aiid  note  the  tool  lug  effect, 

Moisten  the  bulb  of  u  tlieraiometer  with  water  and  place  it  hy  the  side 
of  a  tbermoniertr  with  a  dry  bulb  and  note  the  diJfereuce  of  reiiding. 

Vapor  Tension* — If  the  apace  over  a  liquid  bo  occupied  by  a 
'  gas,  the  eBcaping  molecales  collide  with  the  molecnlea  of  the  gas, 
giying  rise  to  a  certain  presiiure.  If  the  space  is  limited,  the 
eTaporation  coutinuee  until  fiueh  a  pressure  is  reached  that  as 
many  molecules  aru  returned  to  the  liquid  as  leave  it.  This 
preeaure,  which  remains  constant  for  any  given  liquid  and  tempera- 
ture,  is  called  vajyor  pressure  or  vapor  tension.  It  riifcs  with  the 
temperature  until  at  the  boiling-point  of  the  liquid  it  is  equal  to 
the  pressure  of  the  atmosphere. 

lUustratioa.— Fill  a  bflroaieter-tube  with  mercury,  invert  over  mercury, 
note  the  btn^lit  of  the  column^  and  than  introduce  a  few  drops  of  water, 
Ttie  distance  tbrongh  which  the  mercury  falls  measures  the  vapor  teDSion 
of  water.     Add  a  few  drops  of  alcohol:  the  fall  is  \t%  vapor  Leusion. 
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In  all  nice  experiments  where  gases  are  collected  o?er  water 
corTsetioiig  mitfit  be  made  for  vapor  teuBioa,  ETen  barometric 
iB&dmp  mUfiit  be  reduced  for  th^  teniion  of  mercury  vapor. 
Sji^eial  tables  are  prepared  for  this  purpose. 

Ebullition*— As  the  temperature  of  a  liquid  rises  evaporation 
from  the  surface  continues  with  increasing  rapidity  until  a  tem- 
perature IS  reached  at  which  the  vapor  tension  is  equal  to  the 
pn-sgiire  of  the  atmosphere,  then  bubbles  of  vapor  form  throughout 
the  liquid,  pass  through  it  and  escape.  This  is  eMUfion  or  ifoil' 
ing.  The  boUiiig  continues  so  long  as  the  heat  is  applied.  The 
temperature  ceaa^  to  rise  when  the  bolHng  begins,  and  remains 
j^onetiuit  UTitU  the  liquid  is  all  boiled  away;  Increasing  the  heat 
simply  makes  the  boiling  more  rapid.  If  the  heat  is  removed,  the 
boiling  stops  at  once,  the  evaporation  soon  cooling  the  liquid 
l>elow  the  boiling  temperature. 

Boiling- point. —The   temperature   at   which  a  liquid  boils  is 

lied  it^  boilinf}'pomi»     This  m  constant  for  any  substance  but 

uries  with  the  pressure,  because  pressure  hinders  the  escape  of 

the  molecales.     Increase  of  pressure  raises  the  boiling-point  and 

dlniimition  lowers  it.     Light  Hqiiida  at  the  ordinary  temperature 

and  waier  but  slightly  warmed  boil  freely  in  vacuo. 

The  range  of  boiling-points  is  almost  as  great  as  the  range  of 

Ilji  Me  temperaturei.     Liquid  hydrogen  boils  at  a  point  but 

a  -rees  above  abaolate  zero,  and  carbon  is  scarcely  volatilized 

■t  Che  highest  temperature  of  the  electric  furnace.  Water,  which 
p  the  c'omuion  stamlard  of  refertiiiee,  boils  at  lOO""  under  the 
Itaudard  atmospheric  pressure  of  7 GO  mm. 

When  water  is  heated  in  a  clean  glass  vessel  it  rises  to  a  tem- 
perature somewhat  above  100"*  before  ebullition  begins.     It  is  then 
said  io  bit  B u peril ent Ltd.     If  now  the  temperature  be  raised  a  little 
higher,  or  if  the  water  be  shaken  or  stirredj  or  if  a  solid  ho  dropped 
Intel  it,  or  if  a  bubble  of  gas  be  passed  through  it,  large  bubbles  of 
|team  are  8ud*lculy  formed,  often  with  explosive  violence.     This 
called  bumjnng*     It  may  be  largely  j^revented  by  placing  in  the 
1  Bmall  pieces  of  glass  or  spongy  platinum, 
Hiuce  liquids  are  liable  to  be  superheated ^  the  boiling  tempera- 
ture must  b«  determined  by  placing  the  thermometer  in  the  vapor 
•nd  not  IB  the  boiling  liquid. 
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niustration.  —  The  boiling  of  a  liquid  under  diminished  prennre  is  simply 
illustrated  as  follows  :  Fill  a  flask  one  thinl  full  of  water  and  heat  to  boil- 
ing. Close  tightly  with  a  rubber  cork.  Invert  the  flask  and  sprinkle  cold 
water  upon  it.  The  cold  water  condenses  the  steam,  reducing  the  pressure, 
and  the  water  in  the  ilask  boils  vigorously. 

Heat  of  Vaporization. — We  have  seen  that  after  a  liquid  begins 
to  boil  the  tonii)oniture  remains  constant.  The  heat  is  consamed 
in  overcoming  cohesion  and  separating  the  molecules  to  a  greater 
distance  from  one  another.  The  quantity  of  heat  required  to 
effect  tills  is  definite  for  each  substance  and  is  called  heai  of 
vaporization.  It  is  also  called  latent  heat  because  it  disappears  as 
heat,  being  converted  into  kinetic  molecular  energy.  The  same 
quantity  of  heat  is  restored  or  given  out  when  the  vapor  condenses 
back  to  the  liquid. 

The  heat  of  vaporization  of  water  is  536  calories,  that  is,  to 
convert  one  gram  of  water  at  100°  into  one  gram  of  steam  at  lOO*' 
requires  enough  of  heat  to  raise  53G  grams  of  water  through  one 
degree,  or  to  raise  5.36  grams  from  0°  to  100^ 

Trouton's  Law. — Tlie  molecular  heat  of  vaporization  of  a 
liqui«l,  thiit  is,  tlie  heat  re<|uiro(l  to  produce  a  mol.  of  gas  at  the 
absolute  hoilintr-iioint  i°,  was  found  by  Trouton  in  1884  to  be 
about  2\t  calorics.  2t  calories  of  which  were  expended  against 
atuiosj)h<Ti('  ]>r('ssure.  This  is  known  as  Trouton^ 8  law  and  may 
be  stattMl  tlius:  Thr  molecular  heat  of  raporization  is  proportional 
to  the  ab.'inJut(  Umprrature  at  which  thr  liquid  boils.  Thus,  the  heat 
of  va]>orizatioii  of  bcrizeno.  molecular  weight  78  and  boiUng- 
point  N(P,  is  04,  and  therefore  its  molecular  heat  94X78  divided 
by  its  iibsnlut(»boilin.ir-iKMiit  S0  +  273  =  20.7. 

This  law  lioMs  irood  for  most  liciuids  and  shows  that  lir 
inoleculos  are  identical  with  gas  molecules  and  not  polym'' 
has  usually  bc(Mi  su])i>ose<l. 

Distillation. — If  the  vessel  which  contains  a  boiling  li« 
connected   witli  a   coiled  lube  surrounded  with  cold  wr 
va])or  is  cooUnl  aud  C()udeiLsed  back  to  liquid  form.     T^ 
is  called  dlstilhition.  the  apparatus  is  called  a  still,  the 
is  the  iC(trm,  and  the  cooling  vessel  Ls  the  condenser. 

Liquefaction  of  Gases. — The   |)hysical  state  of 
depends  upon  its  tcnii)eraturc  and  the  pressure  up 
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and  liquida  are  converted  into  gases  by  raieiiig  the  temperature  or 
lowering  the  pressure  or  by  cnmbiiniig  the  two  processes.  So 
guses  are  liquefied  and  solidified  by  the  reverse  process  of  lowering 
temperature  and  iDcreaaiog  pressurep 

When  a  substance  wkitih  is  solid  or  liquid  at  the  ordinary  tem- 
irstnre  and  pressure  lias  been  gasified  by  heatj  it  returns  to  the 
original  state  on  oooling.  Substances  which  ai^  gases  under 
ordinary  conditions  are  only  liquatied  by  bringing  about  artificial 
conditions  of  cold  and  pifssure.  The  means  used  are  the  condens- 
ing pump  or  a  column  of  mercury  for  obtaining  pressure^  and  the 
sudden  eKjmnsion  of  gases  or  the  evaporation  of  liquid  gases  for 
obtaining  coltL 

Liquefaction  by  Pressure,— Some  gases  are  liquefied  by  pres- 
re  alone  at  the  ordinarj^  temperature  or  with  moderate  cold, 
ch  are  ethylene,  carbon  dioxid,  acetylene,  ammonia,  chlorin* 
etc.  Other  gases  cannot  be  liquefied  without  a  further  lowering 
of  the  temperature* 

Coaling  by  Sudden  Expansion. — If  a  gaa  be  subjected  to  great 
pressure  and  then  be  allowed  to  expand  by  the  removal  of  the 
pressure,  its  temperature  is  very  much  lowered,  and  the  gas  may 
become  a  liquid  in  the  form  of  a  fine  mitit*  This  may  be  shown 
by  a  simple  experiment.  Close  a  fiask  which  contains  a  small 
qtmntity  of  water  with  a  cork  through  which  passes  a  tube.  Apply 
the  mouth  to  the  tube  and  by  sudden  suction  lower  the  pressure 
in  the  flask,  A  cloud  of  mist  appears.  The  water  vapor  has  been 
ndensed  by  the  eooling  due  to  the  sudden  expansion  of  the  air. 
The  profound  cooling  effect  of  great  changes  of  pressure  is 
by  the  following  table,  which  is  for  air  at  O''  and  shows  the 
^^  "Tire  obtained  by  suddenly  reducing  the  pressure  to  one 
-re: 

Breat  0\,,..,,..     100  at.        200  at.       300  at     400  at.      500  at, 
Tmnpcniture  al  1  at. . .  —  210'        —  2ir      -  231'      —225'      -  328* 

Cooling  by  Evaporation,— If  liqnid  gaseg  arc  caused  to  evap- 
ite  rapidly,  the  temperature  is  greatly  lowered.     This  may  be 
^ne  by  exposing  them  to  the  atmosphere,  or  better  by  connecting 
!  f^ontaining  them  with  an  exhaust-pump*     Liquid  carbon 
:;ius   eva]»orfttiiig   is   cooled  to  —  70^,  liquid  ethylene  to 
120*",  and  liqtiid  ojcygen  to  —  200^     By  using  one  after  the 
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other  of  these  refrigerating  liquids  almost  any  degree  of  cold  may 
be  obtiiined.     Indeed  temperatures  have  been 
reached  wtthin  15"  or  20°  of  the  abeoiuto  zero,    #^^ 

Subjected  to  these  very  low  temperatures 
moat  ga&es  liquefy  at  the  ordinary  atmospheric 
preeeure.  Even  Uquid  air  may  thus  be  obtained* 
For  this  purpose  a  vacuum  jacketed  vessel  is 
usedp  This  is  a  double- wulled  glass  vessel  with 
the  air  exhausted  from  the  space  between  the 
wallB.  This  vacuous  space  is  found  to  he  the 
best  non-conductor  of  heat.  Liquid  giisos 
remain  quiet  in  such  vessels,  evaporating  quite 
slowly,  w]iile  in  ordinary  containers  they  boil 
away  with  great  rapidity.  ^To  obtain  liquid 
air  under  atmospiieric  pressure  such  a  vessel  'm 
filled  with  liquid  oxygen  and  closed  with  a 
rubber  cork  through  which  passes  a  long  test- 
tube  and  a  small  tube  which  can  be  con- 
nected yni^  an  exhaust -pump.  Upon  exhaiistion  the  liquid  oxygen 
boils  rapidly,  temperature  goes  down  to  about  —  200%  and  drops 
of  liquid  air  collect  in  the  test*tube. 

Liquefaction  by  Pressure  and  Cold. — By  eurrrounding  the 
vessel  containing  the  gas  to  be  liquefied  by  these  refrigerating 
agents  and  at  the  same  time  connecting  it  with  a  e^ndensing- 
pnmp,  conditions  of  cohl  and  pressure  are  obtained  which  no  gaa 
can  resist.  Not  only  are  the  gases  all  liquefied,  but  all  have  been 
obtained  in  the  solid  state. 

Critical  Constants.— If  a  gas  is  subjectetl  to  increasing  pressure, 
it  cuntracL*^  acctjrdiug  to  Boylc^a  law  until  liquefaction  he^ns. 
The  pressure  then  remains  constant  and  the  volume  diminishes 
until  all  the  ga^  becomes  liquid,  when  the  pressure  rises  rapitlly 
and  the  volume  undergoes  but  little  more  change.  As  the  tem- 
perature rise;?,  liquefaction  begins  at  a  higher  point  and  the  change 
of  volume  during  Uquef action  diminishes^  until  a  temperature  is 
reachetl  at  which  no  liquid  is  formed.  This  temperature^tltat  is, 
the  temperature  above  which  a  gas  w^ill  not  liquefy — is  called  the 
criikal  iempcrature.  The  pressure  required  to  liquefy  the  gas  at 
or  just  below  the  critical  t-emperature  Ls  the  critical  pressure.  The 
density  and  volume  of  the  ga;s  under  the  critical  conditions  are 
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called  the  crUicdl  density  and  critical  volume  respectively.    The 
critical  temperature  and  pressure  of  a  few  gases  are  as  follows: 


Nitrosm. 

Crit.  temp -146** 

Crit.  pres 35  at. 


Oxygen.    Ethylene.      COa. 
-IIO**         10**  31*» 

51  at.       51  at.       75  at. 


HO, 

52** 

86  at. 


Chlorin.        Steam. 
144°  358° 

84  at.       195  at. 


The  critical  pressure  is  never  more  than  100  atmospheres  except 
in  the  case  of  water,  and  below  the  critical  temperature  pressures 
less  than  the  critical  pressure  will  reduce  the  gas  to  liquid. 

The  diagram*,  after  Andrews,  shows  the  action  of  carbon  dioxid 
under  increasing  pressures  at  different  temperatures.  The  crit- 
ical temperature  is  31.1°,  and  the  critical  pressure  is  75  atmos- 
pheres.- The  abscissas  represent  volumes  and  the  ordinates  pres- 
sure in  atmospheres.  x 


Fia.  38. — Pressure-volume  Curves  of  CO^ 

Continuity  of  the  Liquid  and  Gaseous  States. — ^If  a  gas  be 
heated  al)ovc  its  critical  temperature  and  then  subjected  to  its 
critical  pressure,  it  will  remain  a  gas.  If  it  now  be  allowed  to  cool 
ju.st  below  the  critical  temperature,  the  pressure  remauiing  the 
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same,  the  gas  becomes  a  liquid,  but  the  change  from  one  state  to 
the  other  is  not  obsen-able.  Under  critical  conditions  a  substance 
is  indifferent ly  a  gas  or  a  liquid  and  the  two  states  are  continuous. 
A  sealed  tube  containing  carbon  dioxid  under  its  critical  pressure 
will  illustrate  this  phenomenon. 


THE   PHASE  RULE. 

Professor  J.  Willard  Gibbs  of  Harvard  University  made  a  study 
of  the  conditions  of  equilibrium  between  the  solid,  liquid,  and 
gaseous  states,  and  discovered  an  important  law  which  he  called 
the  Phase  Rule,  The  states  are  called  phases,  and  most  substances 
exist  in  the  three  phases,  solid,  liquid,  and  gas.  Some  have  four 
phases;  as  monoclinic,  octahedral,  liquid,  and  gaseous  sulfur,  while 
others  exhibit  a  still  greater  number.  Again,  the  phases  are 
increased  when  two  or  more  substances  or  components  are  present 

WRethcr  these  phases  exist  separately  or  together  depends 
upon  pressure  and  temperature  and  the  nature  of  the  substance. 
At  the  ordinar}^  temperature,  iron  is  wholly  solid  and  hydrogen 
wholly  gaseous,  wliile  most  liquids  and  many  solids  have  a  certain 
vapor  tension.    Alcohol,  for  example,  when  confined  yields  vapor 
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Fig.  39.— Pressure-temperature  Curve  of  Alcohol. 

until  a  certain  j^rcssurc  is  reached,  then  the  vapor  a^ 
remain  in  equilibrium,  or  as  much  vapor  returns  tO  liqu' 
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passes  to  vapor.  If  the  temperature  be  raised,  more  liquid  vapor- 
izes, and  if  it  be  lowered  more  vapor  condenses.  There  is  for 
every  temperature  an  equilibrium  pressure,  and  for  every  pressure 
an  equilibrium  temperature.  The  figure  shows  the  pressure- 
temperature  curve  of  alcohol,  which  boils  at  78®  under  the  atmos- 
pheric pressure  of  760  millimeters.  Each  point  on  the  line  repre- 
sents a  certain  temperature  measured  on  the  horizontal  axis  and 
the  corresponding  equilibrium  pressure  measured  on  the  ve];tical 
axis. 

The  curve  represents  the  conditions  of  equilibrium  between 
the  liquid  and  vapor  phases.  Only  liquid  can  exist  above  the 
curve  in  stable  equilibrium,  and  only  vapor  below  it. 

Here  the  phases  are  two  and  the  component  one,  and  there 
is  one  variable  and  only  one  degree  of  freedom;  that  is,  liquid  and 
vapor  can  exist  together  only  imder  conditions  represented  by 
points  in  the  curve. 


TEMPEIMTirReS 

Fia.  40. — Pressurk-temperatube  Citrvbs  of  Water. 


The  three  phases  and  the  conditions  of  equilibrium  of  water 
are  illustrated  in  the  diagram. 
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Under  the  eonditioas  represented  by  the  lines  AB^  AC  and 
AD  the  two  adjacent  phases  may  coexist  in  stable  equilibrium, 
but  any  change  of  one  condition  without  corresponding  change 
of  the  other  will  disturb  the  e(|uilibrium,  and  one  of  the  phases 
will  disappear.  Here,  as  in  the  case  of  alcohol,  there  are  two 
phases,  one  component,  one  variable,  and  one  degree  of  freedom. 

Within  the  area;?  DAD,  B.IC,  and  CAD^  either  temperature  or 
pressure  or  both  may  cliange  without  changing  the  phase.  There 
is  one  component  and  one  phase,  while  there  are  two  variables 
and  two  degrees  of  freedom. 

At  the  point  A  where  the  three  lines  meet,  water,  ice,  and 
vapor  can  coexist  in  eciuilibrium,  but  if  either  pressure  or  tem- 
perature is  change*!  one  of  the  phases  will  gradually  disappear. 
Tliis  is  called  a  triple  point.  Tliere  are  three  phases  and  one  com- 
ponent, no  variable  and  no  degree  of  freedom. 

Tlic  i)oint  C  represents  the  critical  t<?mperature  and  pressure 
and  is  calleil  the  critical  point.  The  line  beyond  this  point  wiD 
be  vertical. 

Water  may  be  cooled  below  the  freezing-point  without  becom- 
ing liquid;  that  is,  we  may  have  liquid  within  the  area  BAD, 
Tliis  suj)orcool(Hl  water  has  a  pressure-temperature  curve  which 
is  a  continuation  of  AC  and  is  rei)rcsented  by  the  line  AE,  This 
corulition  is  an  uristal)I('  one  and  is  called  a  mcta^table  phase.  If  a 
fnigniont  of  ice  is  intro(luce<l,  the  water  becomes  solid,  or.  the 
niotastal)lo  passes  to  the  stable  phase.  Again,  water  may  be 
ovcrhcatoil  and  wo  may  have  a  metastable  liquid  phase  within 
the  vaj>()r  area  DAC. 

All  these  facts  are  expressed  in  the  equation 

P+F=-C-h2,    orF  =  C+2-P, 

in  which  P=the  number  of  phases,  r  =  the  number  of  components, 
and  F  =i\\Q  degrees  of  freedom.  Tl\e  equation  expresses  a  gen- 
eralization wliicli  may  be  interpreted  a.s  follows: 

1.  //  the  number  of  phases  exceeds  tlw  number  of  conipor 
hij  two,  the  system  is  non-variant,  or  has  no  degree  of  freedom, 
tri])le  })oint  -1  is  an  exani])lc. 

2.  //  the  number  of  phases  exceeds  the  number  of  ami' 
bif  one,  the  s]/stem   is  inonomriant,  or  has  one  degree  of 
The  linos  AB,  Ai\  and  -1 7^  are  examples. 
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3.  If  the  number  of  phases  is  equal  to  the  number  of  components, 
the  system  is  divariant,  or  has  two  degrees  of  freedom.  The  areas 
BACf  BAD,  and  DAC  are  examples. 

We  may  have  more  than  one  component,  more  than  three 
phaseb;  more  than  two  variables,  and  more  than  two  degrees  of 
freedom,  and  also  a  quadruple  point,  a  quintuple  point,  and  so  on. 


CHAPTER  XI. 

INTERACnOX  OF  SOLIDS,  LIQUIDS,  AND  GASEa 

SOLITTIOXS    IN   GENERAL. 

Solutions. — ^When  two  substances  are  brought  together,  there 
may  be  two  kinds  of  action.  In  the  first  ease  they  do  not  mix 
and  there  is  only  a  surface  action  such  &s  is  seen  in  adhesion  and 
capillarity.  In  the  second  case  there  Ls  more  or  less  of  mixturei 
and  we  have  what  are  called  solutions, 

A  solution  in  the  widest  sense  is  an  intimate  molecular  mixture 
of  two  or  more  substances.  The  one  in  excess  is  called  the  9olvefil 
and  the  other  the  solute.  In  its  more  common  use  the  word  solu- 
tion indicates  the  mixture  of  a  solid  or  a  gas  with  a  liquid. 

The  rapidity  of  solution  and  the  quantity  of  the  solute  dis- 
solv(^l  deiH'ud  upon  the  temj>erature,  the  pressure,  the  extent 
of  tlu?  surface  of  contact,  the  amount  already  in  solution,  and  the 
nature  of  tlie  substances.  The  rapidity  of  solution  is  greatly 
increased  by  agitation  and  generally  by  elevation  of  temperature. 

Coefficient  of  Solubility. — The  sohihility  or  coefficient  of  sol' 
hility  of  a  substance  is  the  quantity  which  dissolves  in  a  gii 
quantity  of  the  solvent.    For  convenience,  it  is  generally  reckor 
as  parts  in  100:   with  solids  in  liquids,  grains  in  100  grams; 
gases  in  liquids,  volumes  in  100  volumes,  or  cubic  centim' 
100  cubic  centimeters. 

In  stating  solubilities  it  Ls  necessary  to  mention 
perature.  The  solubility  of  oxygen  at  0°  is  about  4 
while  at  100°  it  is  zero. 

Specific  Gravity  of  Solutions. — ^WTien  a  substancf 
in  water,  or  when  a  solution  is  diluted,  there  is  a  c 
volume;   that  is,  the  resulting  volume  is  less  than  tl 
imited  volumes.     The  specific  gravity  of  the  soluti' 
greater  than  it  would  be  if  the  solution  were  sin 
This  contraction  in  volume  has  been  found  to  foil 


h  ne<*cl  mn  Ije  discuised  here.  In  100  parts  of  a  solution  at 
S~given  temperature,  there  is  a  definite  aJiiouiit  of  tlie  ^ihito  for 
each  particular  density.  Specific  gravity  therefore  becomes  a 
convenient  means  of  ast!ertaimng  the  strength  of  solutions.  Spe- 
cial tables  are  prepared  from  whieh  one  can  read  the  per  cent  of 
the  STjiute  correspondiiig  to  each  degree  of  gravity* 

Dissociation  of  the  Solute. — The  charact-er  of  the  solution  is 
niodlfieil  by  the  di^ociation  of  the  solute.  Each  ion  has  the  same 
pfTeet  upon  the  solution  as  the  undivided  molecule  in  many  relar 
tionst  as,  for  example^  upon  boiling-  and  freezing-points.  Disso- 
ciation iiicrea*-!^  ivith  the  dilution. 

Theory  of  Solution.— The  stjlution  theor}'  of  J,  H,  \m%  Hoff, 
a  Dutch  chemist  now  at  the  University  at  Berlin ♦  as  developed 
by  Walthi^r  Nenist ,  I^nivei^ity  of  Gottingen,  is  based  upon  the 
ther>ries  of  molecular  attraction  and  kinetic  energy  of  moving 
molecules.  At  the  surface  of  a  solttl  or  a  liquid  two  antagonistic 
forrpis  are  in  oi>eration,  the  one  attractive  and  directed  iimard, 
tending  to  hc^lrl  the  muleciiles  in  place,  the  other  directed  outward 
and  due  to  the  energj^  of  the  moving  molecules.  \\Tieii  a  solid  is 
brought  In  cimtaci  with  a  !iqui<l  which  will  act  u|!On  it,  the  pres^ 
sure  toward  the  interior  Ls  diminii?hcd  and  the  molecules  of  the 
8olid  pass  into  the  licjuiiL  When  the  liquid  has  become  so  filled 
with  the  sfjtid  that  as  many  moleculcvS  return  to  the  solid  as  leave 
it,  cfpnliVirium  resulta,  tl\e  aolutioM  is  saturated,  and  ih*  more  of 
the  solid  dissolves.  The  pressure  of  the  molecules  in  solution 
?equjrecl  to  balance  the  pressure  at  the  surface  nf  the  solid  is  calletl 
the  soluliofi  imsmrr.*  This  pressure  being  e.xerted  only  at  the 
surface  of  contact  is  independent  of  the  relative  quantities  of 
the  siilid  and  Iktuid,  It  is  the  measure  of  the  solubility,  depends 
upon  the  nature  of  the  two  substuices,  and  is  modified  by  changes 
•  of  temperature  and  pressure, 

SOLrnS   AND   80LTDS. 

Solid  Soliitions.^The  actual  Holution  of  solids  in  solids  is 
ismii  in  mL\e*l  crj^tals  of  isomorphoug  substances  Hkft  the  sul- 
fate* of  magnesium  and  calcium,  in  glares,  in  the  diffiisefl  color- 
ing matters  of  solidi^,  and  in  alloys.  Most  of  these  mLxtures  are 
obtained  by  fu^ig  the  substances  togethert  or  by  allowing  them 
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to  cr>'stallize  together  from  solution  iu  water.  It  has  been  de- 
monstrated, however,  that  such  solutions  may  be  formed  in  the 
cold,  and  that  all  solids  in  contact  have  a  tendencj'  to  diffuse 
into  one  another.  A  notable  experiment  was  made  by  Sir  W. 
Roberts-Auston  of  Loiulon.  He  j^laced  leaden  cylinders  upon 
disks  of  gold  and  li't  them  stand  for  four  years.  At  the  end  of 
the  time  lu*  found  by  analysis  that  the  gold  had  penetrated  the 
lead  to  a  depth  of  eight  millimeters.  The  alloy  was  richest,  of  course, 
at  the  surface  of  contact.  Another  example  of  the  mutual  diffu- 
sion of  metals  is  seen  in  the  whitening  of  copper-plated  zinc  objects 
due  to  the  passage  of  the  zinc  through  the  copper  to  the  surface. 

Properties  of  Solid  Solutions. — Solid  solutions  possess  many 
of  the  properties  of  licjuid  solutions.  They  follow,  for  example, 
the  law  of  lowering  of  freezing-point.  Alloys  melt  at  a  lower  Xeat- 
perature  than  their  constituents,  and  for  various  metals  there  is  a 
certahi  mixture  which  has  the  lowest  melting-point.  This  is  called 
a  cutvctic  alio}/.  Clood  examples  are  the  fusible  metals,  brass, 
solder,  the  gold  and  silver  alloys,  and  many  mixed  organic  com- 
pounds. Solid  solutions  seem  to  be  formed  only  by  elements  that 
are  more  or  less  closely  related,  and  by  compounds  of  like  coin 
stitution. 

SOLIDS   AND    LIQUIDS. 

Solutions  of  Liquids  in  Solids.— Solids  absorb  liquids  in  various 
(juaniitirs,  and  it  is  probable  iliatthe  mixture  is  often  of  the  nature 
of  a  true  solution.  Wat.cr,  for  example,  not  only  adheres  to  the 
siirfa(i\  l)iU  is  found  in  tlie  interior  of  most  solids.  Indeed,  it  is 
(lilliculi  to  <»l)tain  fro(»  from  moisture  any  substance  which  is  per- 
iu(.'al)l('  to  Water. 

Solutions  of  Solids  in  Liquids. — \Mien  a  solid  comes  in  contact 
witli  a  li(|ui(l,  a  portion  of  it  (fififiohrs^  or  forms  with  the  liquid  A 
honio^onc(»us  mixturr.  The  solvent  most  used  is  water,  and  aque- 
ous solutions  are  always  meant  when  the  solvent  is  not  named. 

Limits  of  Solubility.      The  amount  of  the  solid  dissolved  b 
tlie  liquid  varies  with  different  substances  from  an  infinitesiir 
l)ortion  t-o  a  (plant ily  t^^d  or  three  tiinc^  the  weight  of  the  ^' 
Metals  like  ^'•oM,  >ilver.  and  j>latinmn  do  not  dissolve  " 
in  weiuhable  (luantities.  but  refined  physical  methods  • 
Mjlution  does  actually  take  place.     Other  substances 
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such  sniaU  qimntitics  that  ihey  axe  also  isaid  to  be  insoluble.  The 
solubility  of  barium  sulfate,  for  example.  Is  1  part  in  400,000 
parts  of  wat^r.  Again j  other  substances  have  a  high  solubility. 
Water  Mill  dissolve  at  IS°  nearly  one  half  its  weight  of  sodium 
sulfate  aiid  more  than  three  times  its  weight  of  calcium  perman- 
ganate. 

When  the  liquid  vnU  dissolve  no  more  of  the  solids  that  is, 
when  the  solution  preasure  is  counterbalanced,  it  b  said  to  be 
saiurafcfl.  When  it  coiitaias  less  than  the  saturating  amount^  it 
is  unmiurated.  WTien  a  solution  is  eonceotrated  by  evaporation, 
or  when  the  temperature  of  a  saturated  solution  is  lowered,  it 
may  become  mipermluralcd  before  the  separation  of  the  solid 
begins.  If  a  crystal  of  the  dissoh^ed  substance  be  added  to  a 
iupersatu rated  solution,  or  if  it  be  violently  shaken,  the  excess 
of  tlie  solid  [Separates  and  the  solution  remains  saturated. 

Inflitence  of  Pressure  upon  Solubility,— The  solubility  of  solidjs 
increaM\^  with  increase  of  pre^ure.  The  change,  however,  is 
very  small ^  no  doubt,  Iiecause  neither  liquids  nor  solids  suffer 
any  considerable  change  in  volume  when  the  pre^ure  is  changed. 
K.  Moller  fiimid  that  common  salt  dissolved  at  0*^  in  100  parts  of 
water,  35.59  parts  at  a  pressure  of  one  atmosphere,  35.70  parta 
nndei  20  atmf^spheree,  and  35.95  parts  under  40  atmospheres. 

Influence  ol  Temperature  upon  Solubility.— The  solubility  of 
solids*  generally  increases  wiih  rjBe  and  diminishes  Tpvith  fall  of 
temperature.  Some  substances  are  but  slightly  affected,  while 
others  undergo  great  change  of  solubility  as  the  temperature  rises, 
Tlie  scjlubility  of  sodium  chlorid,  for  example,  is  35.6  at  0^  anrl  40 
at  100^,  while  that  of  pota^^sium  nitrate  is  13  at  0°  and  247  at  100^. 
Sometimes  the  solubility  diminishes  as  the  temperature  rises,  aa 
in  the  case  of  anhydrous  sodium  sulfate  and  the  calcium  salts  of 
some  organic  aetds. 

Solubility  curv^es  are  constriictetl  by  laying  off  the  tempera- 
tur»^  on  tile  htirizontal  axis  and  the  solubilities  in  parts  to  the 
hundred  on  the  vertical  axis. 

The  curves  are  generally  continuous  and  often  rectilinear. 
Some  subtitances  give  two  or  more  intersecting  curves.  These 
rrprf^ient  dilTerent  coTiditions  of  the  substance.    The  ctirve  of 

'  -idfate  in  the  dia^ani  is  an  ex-ample.  Below  33**  it  repre- 
J    conqtouiid   N%80^,10HjO,  while  above  that  point  the 
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compouiul  iii  soluiion  is  anhydrous  XajSOi-     At  33**  the  hydrous 
salt  loses  its  water  «)f  crystallization. 

Osmotic  Pressure. — When  a  solution  is  brought  in  contact 
¥rith  the  pure  solvent  or  with  a  more  dilute  solution,  the  dissolved 
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substance  will  move  toward  the  ])oints  of  less  concentration, 
and  th(*  movement  will  continue  until  the  whole  solution  is  homo- 
geneous. If  the  movement  is  hindered  l)y  the  introduction  of  a 
partition  or  membrane,  permeable  by  the  solvent  but  not  by  the 
sohite,  a  pressure  will  })e  exertetl  af!:ainst  the  partition.  This  is 
called  osinotic  pr(s.<mrr  and  the  j)artition  Is  said  to  be  semi-jjcr- 
viadflr. 

The  laws  of  osmotic  j)re.ssure  were  first  investigated  in  1S77  by  . 
W.  rfelTcr.  a  (Icrman  botanist  of  Leipzig.  He  used  an  artificial 
membrane  prej>ared  after  a  method  discovered  by  Moritz  Traube  of 
lireslaii.  Porous  earthenware  cells  were  filled  with  a  solution  of 
potassium  ferrocyanid  and  inunerseil  in  a  solution  of  copper  sulfate. 
Tiu!  solutions  meeting  in  the  cell  wall  react  to  form  a  delicate 
film  of  copper  ferrocyanid.  Tliis  film  is  so  supported  by  the  wall 
of  the  cell  as  to  be  able  to  resist  great  pressure.  After  the  film 
is  foruKvl,  the  cell  is  washeil  clean  and  filled  with  the  solution 
to  be  tested.    It  Is  closed,  connected  with  a  manometer,  and  im- 
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ersed  in  pure  water.    The  water  can  pass  m  thmugh  the  film, 
lit  the  soluU;  cannot  pass  out.    There  Is  therefore  j>roduced  a 
Ekfa^fure  within  tht*  cell  which  is  mcB^ure<l  by  the  manometer. 

Some  of  Pfeffer^s  results  and  the  indurtions  which  come  legiti- 
mately  from  them  are  given. 

One  per  cent  solutions  gave  mercury  pressures  as  follows: 

Gum , . .     72  milUmetars      Caoe-augar  . . .    471  miUimeterB 

Dextrin ...  166  "  Niti«- . 1780 

Therefore:    OBmotic  pressure  depends  upon   the  nature  oj  the 
solute. 

Sugar  solutions  of  various  strengths  gave  these  reeults: 

Per  cent  .......... I  2  4  6 

Frowurf  in  miUiinet^s 532         1016        20S2        3075 

Fr€»ure  per  eent.   ...............   532  508  521  513 

Tlierefore:   The  presBwre  vanes  dire€tiy  as  ike  c&menlralion. 
One  per  cent  solutions  of  sugar  at  various  temperatures  gave 
f ollomng : 

6.8*. . .  505  miUimetere      14,2^. .  .......  531  miUimetere 

13.2*.. 521  *'  22.0*,.  ....._  548 

Tlierefore :   As  tkt  temperature  rises  tfie  pressure  rises. 

r^luce  these  temperatures  to  absolute  temperature  by 
''273'^  Ui  each,  and  then  divide  the  pressure  by  the  tem- 
pemture^  we  obtain  the  constant  quotient  1.8. 

Thei^fore:  The  pressure  tmries  directly  as  tlw  absolute  temperaiure. 

If  solutions  of  twti  substances  yield  the  same  of^motic  pressure, 

Eiey  ane  said  to  be  isotmiic.    A  series  of  investigatioiis  made  by 

de  Vries  of  Amsterdam,  based  .upon  the  action  of  solutions 

ipon  vegetable  celk,  let!  to  the  conclusion  that  isotonic  solutions 

^/  similar  compounds  eaniain  the  salutes  in  the  proportion  of  their 

(ihctdar  weights^ 

The  reciprocal  of  the  gram-molecular  content  of  a  solution  is 

led  iti4  isoUmie  mc^cieni.    Some  of  these  coefficients  found  by 

Vries  are  as  follows : 

31ye«rm,  Cyi ^O,. 1 .78  rotaeaium  nitrate,  KNO^., 3  00 

Gfiipo>«ugar,  C,H,Pg 1 , 81  Sodium  chJorid,  NaCl.  .  . . 3 ,05 

raitArie  add,  CiH^Oi 2 ,02  Potassium  sulfate,  KjBO^ .   3 ,92 

ic  acid*  C.HA  "  ^ ' ^  ^  2 .02  Potusaiuiti  tartrate,  KJOJlJd^,  .3.99 

idtmte.KjC^O,....  5  01 
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These  numbers  show  that  the  isotonic  coefficients  are  the  same 
for  similar  compounds,  and  that  for  different  classes  of  compounds 
they  are  approximately  whole  numbers  proportional  to  the  num- 
bers 2,  3,  4,  and  5.  These  variations  are  explained  by  the  theory 
of  dissociation,  and  the  law  still  holds  that  equimolecidar  8olulions 
are  isotonic;  that  is,  solutions  which  contain  in  the  same  volmne  of 
water  tlie  solutes  in  the  proportion  of  their  molecular  weights  or 
ionic  equivalents  will  exert  equal  osmotic  pressures. 

Molecular  Weight  from  Osmotic  Pressure. — Molecular  weight 
may  be  computed  from  osmotic  pressure  as  follows:  A  1  per  cent 
solution  of  sugar  contains  10  grams  to  the  liter  and  has  an  osmotic 
pressure  of  49.3  centimeters  of  mercury.  If  the  solution  were 
normal  the  pressure  would  be  22.24x76=1690  centimeters.  We 
therefore  have  the  proportion 

49.3:1690: :  10:  Af,  or  Af =342.8. 

Tlie  molecular  weight  of  sugar  is  342.     Tliis  determination  shows 
also  tliat  the  molecule  is  single  in  the  solution. 

Osmotic  Pressure  and  the  Gas  Laws. — The  principal  laws  of 

osmotic  pressure  may  be  stated  as  follows: 

1.  11k»  |>rossuro  varies  directly  as  the  ccmcentration  in  a  given 
vohimo.  or  inversely  as  the  volume  which  contauis  a  given  quantity 
of  the  solute. 

2.  Tlu^  ]>ressure  viiries  for  constant  volume  directly  as  the 
absolute  tenij)eniture. 

3.  ( inim-niolecular  weiirlits  or  gram-ionic  weights  of  sub- 
stanc(^s  dissolved  in  ecjual  volumes  of  water  exert  equal  pressures 
at  ecjual  temperatures. 

In  1SS7  Van't  IIolT  su<rp:ested  the  close  analogy  between  these 
laws  and  the  laws  of  <:iises.  The  first  corresponds  to  the  law 
of  Boyle  and  is  exj>ressed  by  the  equation 

pr  =  7)'r'  =  a  constant, 

in  wliich  p  and  ;/  are  pressures  and  r  and  i/  volumes  containing 
the  sanu^  amount  of  the  solute. 

Tlie  second  statement  is  analo«>:ous  to  the  law  of  Gay-Lussac^ 
and  the  e(iuation 

p=p^, 0.00:^000/) 
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tme  when  p^the  pressure  at  temjierature  t  and  pp^the  pres-       • 
at  0°;  or  io  terms  of  absolute  temperature, 

p=cr(c=a  constant). 
Combmlng  these  two  laws  we  havp,  a^  with  gas^ 

In  this  equation  the  value  of  E  nmy  be  calculated,  A  1  per 
cent  solution  of  sugar  exerts  an  osmotic  pressure  at  0**  of  49.3 
centimeters  of  mercury^  which  is  equal  to  49.3X13.59=^670  grani£ 
per  5quaT€  centimeter.  Tlie  molecular  weight  of  sugar  is  342,  and 
therefore  a  I  per  cent  solution  containing  342  grains  will  have  a 
volume  of  34,200  cc.    The  value  of  R  then  is 

/t^—       ==83,930  gram-centimeters. 

This  number  corresponds  very  closely  to  the  value  of  R  for  gases, 
_S4J60,  and  the  equation  may  be  written 

pij= 84,000  r. 

Snce,  according  to  the  third  law  alx»ve,  equimolecular  solutions 
exert  the  same  pressure,  the  following  law  k  proven : 

Tkc  omnotk  pressure  of  adrssolvef}  substame  i^  eqiml  to  tlw  pres- 
re  which  it  woidd  exert  a^  a  (7(18  oceupying  the  volume  of  Ac  sohUion. 
pns^re  would  remain  the  same  if  the  solvent  were  removed^ 
iviJlg  the  solute  unchanged, 
Tlic  similarity  between  gaseoits  an<l  dissolvetl  substances  m 
of  gneat  importancCj  for  we  are  able  to  apply  to  solutions  the  prop* 
cftieB  of  ga.He8  so  far  as  they  are  dependent  upon  pressure,  vohimej 
iemf)eraiure.  We  may  conclude,  for  examplci  that  Isolmdc 
contain  in  ike  mme  volume  the  mmc  number  of  m^okades. 
We  ean  therefore  ascertain  the  mf>lecular  weight  of  dissolved 
solick. 

Osmotic  presmire  reaches  heights  which  are  verj^  surprising. 
In  a  normal  solution  it  is  about  22  atmospheres^  and  in  a  17  per 
oeat  solution  of  ammonia  it  b  no  less  than  222  atmospheres.    This 
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number  may  be  computed  from  the  last  equation  above.  Since 
the  molecular  weight  of  ammonia  is  17,  a  1  per  cent  solution  con- 
taining 17  grams  would  have  a  volume  of  1700  cc,  and  a  17  per 
cent  solution  100  cc.  The  atmospheric  pressure  is  1033  grams 
to  the  square  centimeter.    The  ecjuation  then  becomes 

"'=  100X1033  =^^^^^"^^P^""^- 

The  same  number  may  be  obtained  otherwise.  A  mol.  of  gas 
under  standard  conditions  occupies  a  volume  of  22.24  liteis.  At  a 
volume  of  1  lit^r  it  will  therefore  have  a  pressure  of  22.24  atmos- 
pheres. Tliis  is  also  the  osmotic  pressure  of  a  mol.  of  a  solid 
dissolved  in  1  liter;  that  is,  in  normal  solution.  A  17  per  cait 
solution  of  ammonia  Ls  ten  normal ,  and  will  have  a  pressure  ten 
times  as  great,  or  222.4  atmospheres. 

The  question  naturally  arises,  IIow  can  such  enormous  pres- 
sures exist  without  making  themselves  manifest?  In  the  labo- 
ratory- reagent  bottles  the  pressure  is  fifty  atmospheres,  mtore  or 
less.  AMiy  are  the  bottles  not  broken?  They  would  be  if  they 
WTre  pe^^'ious  to  and  immerse<l  in  water.  The  osmotic  pressure 
cannot  ap|x^ar  at  the  surface  of  a  liquid.  l)ecause  it  is  more  than 
balanced  by  the  pressure  towards  the  interior,  which  is  manifested 
in  surface  tension  and  is  measured  in  thousands  of  atmospheres. 
Tlie  seniipernieal)le  nu^mbrane,  having  the  solvent  on  both  sides  and 
the  sohitc  only  on  one  side,  enables  the  pressure  of  the  solute 
to  become  manifest. 

Diffusion.- Osmotic  i)ressure  always  exists  when  a  solution 
is  in  contact  with  tlie  solvent,  though  no  membrane  intervenes.  If 
a  colored  solution  be  placed  in  a  cylinder  and  covered  with  pure 
water,  the  <'<)lor  will  gradually  rises  until  it  is  uniform  throughout 
the  cylinder.  If  two  solutions  be  placed  one  above  the  other,  the 
one  s(^lute  will  move  uj)  and  the  other  down  until  the  mixture 
is  homogeneous.  This  movement  is  called  diffusion,  and  is  alwa^'s 
from  tlu*  point  of  greater  to  the  point  of  less  concentration.  It 
was  fir>t  observed  by  Tarrot  in  1815,  and  afterwards  investij:ated 
l>y  (Iraham  in  1S.)1,  by  Fi^-k  in  ISoo,  by  Beilstein  in  1856,  by  WAer 
in  1S7(».  by  Long  in  ISSO.  by  Xernst  in  188S,  and  by  many  others. 

Rate  of  Diffusion.— I )ifTusion  takers  place  verj-  slowly  because. 
of  the  great  resistance  which  the  solute  has  to  overcome  in  moving 
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through  the  solvent.  It  \Km  calculated  by  Kernst  that  the  force 
aecessan'  to  dri%-e  a  gram-moleciilar  weight  of  cane-sugar  through 
^^iitiT  with  a  \X'loeity  of  1  centimeter  a  second  m  6700  million 
kilograms,  and  that  ft>r  albonien  the  force  required  is  five  tune^ 
m  great  Ost^'ald  explains  that  this  eoornioiis  resistance  is  due 
to  the  multitude  of  molecules.  A  stone  actaJ  upon  by  gravity 
faUs  980  centimeters  in  a  second,  but  if  it  were  ground  to  a  fine 
powder  ^  its  velocity  would  be  reduced  to  less  than  one  tenth  of 
a  centimeter  in  a  lecond.  To  make  it  move  in  the  state  of  dust 
with  tbe  velocity  of  the  falling  stone*  would  require  a  force  ten 
thousand  times  that  of  gravity.  We  can  thus  understand  how 
tlie  resistance  can  be  so  great  when  the  body  is  in  the  molecular 
state. 

Careful  investigations  of  the  rate  of  difTusion  were  made  by 
Graham  ^  Beilstein,  and  Weber.  Thomas  Gralianij  a  British  ehem- 
ist,  filled  a  glass  jar  to  within  2  centimeters  of  the  top  with  the 
soluiioii,  then  carefully  addetl  water  until  the  Jar  was  full.  He 
placed  the  jar  iti  another  vessel  and  completely  covered  it  with 
water.  After  the  lapse  of  one  or  more  days,  he  closed  the  jar 
with  a  glass  plate  and  removed  it.  He  then  determined  the  quan- 
tity iif  the  sokite  which  was  eontabed  in  the  water  in  the  vesseL 
By  this  meaiia  he  was  able  to  arrive  at  the  following  conchiaions: 

L  The  rat^  of  diffusion  depends  upon  the  nature  of  the  sub- 
stance. Acids  and  bases  diffuse  twice  as  rapidly  aa  salts  and  salts 
more  rapidly  than  many  organic  compounds. 

%  The  rate  of  diffusion  is  proportional  to  the  quantity  of  solute 
esent;   tba-t  is,  to  the  concentration. 

3-  The  rate  of  diffusion  is  mtKlified  by  change  of  temperature, 
generally  rising  as  the  temperature  rises. 

4.  Ifinien  two  or  more  solutes  are  present,  they  diffuse  intlepend* 
ently,  If  the  rate  i»f  twti  salts  is  quite  different,  they  can  he.  sepa- 
rated by  diffusion. 

Tbe  first  tif  these  conelusions  wa^f  expre^ed  by  .\.  Fick  in 
the*  foUcmHng  form :  The  qimntthf  of  a  mli  wki4:h  diffuses  through  a 
ffirm  arm  m  proportiotrnt  to  the  dlffiTetiCi^  betioeen  the  c&ncenirntwns 
af  hvQ  irrmji  iufiniUfy  nmr  one  another.  This  law  is  known  as 
Firk'^s  Imv  of  diffusion^  and  lias  been  verified  b)'  numerous  experi- 
mcDtj^. 

Crystalloids  and  CoUoids.^There  are  many  amorphous  sub- 
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stances  which  diffuse  verj^  skwly,  while  crystalline  salts  generally 
diffuse  rapidly*  The  former  are  called  cdloixls  and  the  latter 
crystalloids.  Cr>'3talloids  dissolye  in  water  with  heat  changes^ 
raise  the  boiling-poLiiti  lower  the  freeziiip;-poiiit,  and  exert  osmotic 
presmire;  while  colloids  possess  these  properti^  in  a  much  lower 
degree  or  not  at  alL  Colloidal  membranes  are  imperv'ioiis  to 
colloids,  but  give  free  passage  to  cn^stalloids.  If  a  solution  con- 
taining a  colloid  and  a  crystalloid  be  separated  from  pure  Water 
by  a  colloidal  membrane,  such  ils  bladder  or  parchment  paper,  the 
former  wiU  diffuse  through  while  the  whole  of  the  latter  w^iU  be 
retained.    Such  separation  was  called  by  Graham  dmlym's. 

Colloidal  substances  are  liable  to  separate  from  solution  in  a 
coagulated  or  gelatinous^  and  insoluble  form.  Thijg  precipitntion 
usually  takes  place  spontanetiusly  in  course  of  time,  but  it  may  be 
brought  about  at  once  by  action  of  catal)^ic  agents.  The  coUoidal 
soKition  is  ratlier  a  mixture  than  a  true  solution,  and  many  sub- 
stances which  are  insoluble  in  water,  such  as  the  metals^  may  be 
brought  into  coUoidal  mlutkm. 

Vapor  Pressure  of  Solutions. — ^The  vapor  pressure  of  a  solu- 
tion is  lo%ver  than  that  of  the  solvent,  provided  the  solute  Ubb 
not  an  appreciable  vapor  pressure.  The  investigations  of  von 
Babo  in  1H48  and  of  Wulhier  in  1856  led  to  the  conclusion  that 
the  diminution  of  vapcr  pressure  in  a  sdidion  is  proportioned  to  the 
cmicenlraUon,  or  h  the  amount  of  the  solute  present.  I^et  p  be  the 
vapor  pressure  of  the  s^jh'e^jt,  p'  that  of  the  solution,  s  the  per- 
centage of  the  solute,  and  a  the  relative  depression  for  a  1  per  cent 
solution,  then 


To  this  law  there  were  many  Gxceptions^  but  these  have  been  ex- 
plained by  the  dissociation  theorv\    The  solvent  used  was  wat 
and  the  solutes  were  salts,  conditions  highly  favorable  to  disso^ 
ciation. 

Frangois  Marie  Raoult,  about  1887^  using  ether  as  the  solvent  for 
organic  substances  which  do  not  dissociate,  obtained  results  which 
are  Inghly  concordant.  He  found  in  the  first  place  that  between 
0^  and  20^^  the  ratio  of  the  vapor  pressure  of  solvent  and  solution 
was  constant;   that  is^  iiKd  the  reteUwe  dcpresmon  was  iiuiependent 
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of  the  temperature.  This  is  evidenced  by  the  following  results, 
which  were  obtained  by  measuring  the  pressiu-es  at  different 
temperatiu-es,  of  a  solution  of  16.482  grams  of  oil  of  turpentine 
in  100  grams  of  ether,  p  being  the  vapor  pressure  of  the  solvent,  p' 
that  of  the  solution,  and  t  the  temperature: 


<«  1.1*^ 

p«  199.0 

p'=  188.1 

p'-f-p  =0.915 

<=  3.6^ 

p=  224.0 

p'=204.7 

p'^p  =0.914 

«=18.2*» 

p- 408.5 

p'-368.7 

p'-^p  =0.910 

Raoult  showed  in  the  second  place  that  if  a  gram-molecular 
weight  of  any  substance  is  dissolved  in  a  given  weight  of  a  par- 
ticular solvent,  the  same  lowering  of  vapor  pressure  is  produced; 
that  is,  the  molecvlar  lowering  is  constant  for  each  solvent.  He 
found  also  that  with  different  solvents,  the  relative  lowering  of  the 
vapor  pressure  is  proportional  to  the  ratio  of  the  number  of  molecules 
of  the  solute  to  the  sum  of  the  molecules  of  the  solute  and  solvent;  or 
that 

p—p'         n 

- — ^  =  Ci 


p         N+n' 

when  n=the  number  of  molecules  of  the  solute,  TV = the  number 

of  molecules  of  the  solvent,  and  c=a  constant  which  was  found  to 

be  nearly  equal  to  one. 

This  equation  serves  for  the  determinatioYi  of  molecular  weights. 

Let  7n  =  the  unknown  molecular  weight  of  the  dissolved  substance, 

and  w=the  weight  dissolved  in  one  molecular  weight  of  the  sol- 

w  ' 

vent,  then  n  =  —  and  iV=l,  and  c  may  be  taken  as  equal  to  1, 

After  substituting  and  solving  for  m,  the  equation  becomes 

m  = }, 

v-v 

This  method  of  determining  molecular  weight  does  not  admit  of 
great  accuracy  because  of  the  difficulty  of  measuring  vapor  pressure, 
and  has  been  replaced  by  the  boiling-point  method. 

Boiling-point  of  Solutions. — Instead  of  determining  the  vapor 
pressure  of  solutions  at  different  temperatures,  Ernst  Beckmann 
of  Giessen  ascertained  the  temperature  at  which  solvent  and  solu- 
tion have  the  same  pressure,  that  Is,  the  boiling-point.     Since  the 
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pressure  of  a  solution  is  lower  than  that  of  the  solvent,  the  boiUijg- 
pcAnt  will  be  correspondingly  higher.  It  followsj  therefore,  that 
thp  rise  of  boiling-point  will  follow  the  same  laws  that  we  have- 
found  to  apply  to  vapor  pressure.  A  grani-molecular  weiglit  uf 
any  substance  dissolveil  in  a  definfte  weight  of  a  solvent ^  say  100 
grains  or  100  niols, ,  will  cause  a  constant  rise  of  the  boiling-point, 
which  may  be  determined  for  each  solvent .  For  example,  1  moL 
of  a  substance  dissolved  in  99  mob.  of  ether  causes  a  rise  of  0,2844^, 
One  hundred  times  thisj  28.44°,  is  the  m<ilecidar  rise  for  ether. 

The  molecular  constant  is  usually  deternuned  for  a  solution  of 
1  moK  of  the  solute  in  100  grams  of  the  solvent.  Some  of  the  niole^ 
ular  constants  are  as  follows:  Water,  5.2;  l>en^ene,  20,7;  chloroform, 
36Xi;  carbon  dlsulfid,  23.7;  ether,  2L1;  alcohol,  ILo. 

Molecular  Weight  by  Boiling-point, ^ — If  we  let  fl=the  observed 
riye  for  a  1  per  cent  solution  and  M^thc  molecular  weight  of  the 
solute,  then  MR  =  Cf  the  molecular  constant  for  the  solvent^  sod 

€ 

the  molecular  weight  ^ill  be  determined  by  the  equation  M=  ^. 

If  w  grams  of  the  solute  are  dissolved  in  W  grams  of  the  solvent, 
and  t^e  observed  rise  is  r,  the  molecular  rise  will  be 

rW  ,     ,,    lOOCio 


R= 


\mw 


and    3f= 


rW 


Eiample. — Becktnann  dissoh'ed  1. 065  grama  of  iodin  in  30,14  grame  of 
ether  ttnd  obscned  a  rise  of  0.29fi*  The  constant  for  ethor  b  21.1,  Maiung 
the  BulKstLtutions  we  have 


5f= 


100X21.1X1.065 


252, 


a029GX30,14 
The  formula  I,  coirespoDda  to  the  molecular  weight  253.7, 

Boiling-point  Determinations. — The  apparatus  used  by  Beek- 

maan  for  boiling*point  detenni nations  was  rather  comphrateti.  A 
simpler  one*  de^isetl  by  Herbert  N*  McCoy  of  the  University  of 
Chicago,  i^  5>hoT;^Ti  in  the  fig^ire.  Tlie  inner  lube  A  has  a  side  out* 
let  c,  comiecte<.l  i^-ith  a  condenser^  and  a  small  tube  u,  entering  at 
a  and  exteniUng  to  near  the  bottom.  The  tube  is  graduated 
carries  a  Beckmann  thermometer.  The  outer  tube  B  is  enla 
at  the  botti>ni,  and  has  a  side  tube  d,  closed  with  a  rubber  tube 
and  pinch-clamp. 
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The  Beckoiaiin  thermometer  has  a  large  bulb  and  a  reaen^oir 
fit  the  top  of  the  stem  into  which  the  excess  of  mercun'  can  be 
driven  by  wamiiBg  the  bulb.  A  small  portion  of  tlie  stem  is 
graduated  iuto  d^Tees,  tenths,  *and  hundredthB,  antl  with  a  lene 
the  reading  nmy  be  taken  to  tlvousandths.  The  amount  of  mer* 
eury  in  the  bulb  is  so  adjusted  by  ^shaking 
that  the  top  of  the  colunm  is  within  the 
range  of  the  grarhiatit>n,  wliich  Ls  usually  6°. 

A  det^rmhiation  h  made  as  follc>\^'s: 

^bout  50  ec.  of  the  solvent  are  plaeed  in 
the  ijutor  lube  (with  a^ome  fragnients  of  pi|5e- 
stcm  to  prt^%'ent  bumping),  and  15  ee.'  in 
the  inner  tube.  As  the  liquid  in  the  outer 
ir?  boiled,  the  vapor  pa?iFie.s  thmugh  the  tube 
ah,  heats  the  liquid  wiihin  to  iKulini^,  ami 
tlie  excess  of  vapor  passes  out  through  c. 
Superheating  is  thus  avoi<led.  When  the 
mercury  cea^e^  to  rise  the  rea<ling  is  taken 
and  represents  the  boiling-point  of  the  sol- 
vent. Ai?  the  apparatu's  cfiok,  the  pinch- 
damp  must  be  opened  to  prevent  suction  of 
the  liquid  out  thKJUgh  ah.  A  weighal 
quantity  of  the  substance  is  ailded  to  the 
inner  lube  ami  the  operation  repeated*  The 
ntultng  b  now  the  boiling-ixiint  of  the  solu- 
tion, anrl  the  difference  between  the  two 
rwuiing-s  is  the  rise  of  theboiliiig-i>oint.  Tlie 
thermometer  ia  removed,  the  volume  of  tlie 
j^  '  ^  -  read  from  the  graduated  tube,  and 

i  *  1 1 1 ration  calculated. 

Fmeziiig-poLiatof  Solutioiis,— It  has  long 
I-  *  ■  vn  that  the  freeaing-point  of  a  solu- 
te low  that  of  the  s^jI vent,  .\s  early 
afi  1788  8ir  Charles  Blagden  showed  that  the  depressions  of  the 
ir  :  Hjint  were  proportional  to  the  quantities  of  the  gubj?tance 
i'  fi.  He  ako  showed  that  when  two  substances  are  present 
id  the  solution  the  depression  is  equal  to  the  sum  of  the  depres- 
siacks  which  would  be  cause<i  by  each  substance  alone.  These 
lamn*  are  now  known  not  to  be  rigidly  true,  but  they  were  a  great 


Fifi.  42.— McCov'e  Boil- 

l^  G-FOIN  r  A  PPAHATUS* 


mm 


^^ 


132  INORGANIC  CUEMISTRT.  [CfcX 

discover}',  which  was  for  a  long  time  forgotten.     In  1861  Riidor^ 
made  the  same  discover}"  without  knowing  of  Blagden's  work,    t^ 
1872  Coppot  continued  the  investigation,  using  molecidar  quat^^ 
tities  instead  of  ixjrcentages.     He  introduced  the  term  moleciiUxr 
lowering  of  the  jrcezing-ptyird,  and  showed  that  this  is  constant  for 
many  sul^stances. 

About  1SS2  Raoult  began  a  series  of  investigations  which  were 
epoch-making.  Ho  examined  solutions  of  more  than  two  hundred 
sul)stances  in  various  solvents.  He  determined  the  molecular 
lowcrings  for  various  solvents,  and  found  that  if  these  were  di^sded 
by  the  molecular  weights  of  the  solvents,  the  quotients  were  equal 
The  following  are  some  of  his  results: 

Solvent,  "w^iS.^  **''iSJ!"  M.L.-hM.W. 

Water 18  47  2.61** 

Fonnicacid 46  29  0.63** 

Acetic  acid 60  39  0.63** 

Benzene 78  60  0.64** 

From  these  results  Raoult  formulated  the  law  as  follows: 

//  one  molecule  of  a  sidtstatici'  is  dissolved  in  100  moleAyules  of  a 
liquid,  the  loirvring  of  tlw  freczimj-jmnl  is  constant  and  approximately 
ajual  to  OJi,r. 

In  tlu»  above  table  water  does  not  follow  the  law.  This  is 
exj)]aiiiod  by  sMpposinjj:  that  the  molecule  of  water  is  complex  and 
that  its  formula  is  41l2< ).  Other  coiL^iderations  also  point  to  this 
formula  for  water. 

Wuvi.  nuthndnr  depression  to  mean  that  of  a  solution  of  1  moL 
of  a  soliit(*  in  100  <rrams  of  a  solvent,  some  of  the  cr)nstants  are  as 
follows:  Wai<T,  Is.O:  formic  ac'iil,  27.7;  acetic  acid,  39;  bcnzene^dO; 
(*arlH>lic  'ici'l,  7."). 

Freezing-point  Determinations.  —  The  determination  of  the 
fnM'zi!ii!;-p(>int  of  solutunis  may  be  made  with  the  simple  apparatus 
(It'viscd  by  J.  F.  Eykman  of  Groningen,  and  called  by  him  the 
(Irpn.^sinnitr.  A  short  thermomotor  divided  to  twentieths  of  a 
(Ic^ri'o  is  fitted  into  a  small  flask,  as  shown  in  the  figure.  Both  are 
oncloso<l  ill  a  rylindcT  and  hold  in  ])lace  by  means  of  the  stopper 
through  which  the  ihennometer-tube  passes.    Glass  or  cotton-wool 


Ch*XI.]    INTERAVTION  0FB0LW8,  UQVWB.  AM}  OASES.     133 


It  the  bottom  of  the  e\4iii<ler  regulates  the  coolbig.  A  ^\'elglieil 
quantity  of  the  solvent  is  placed  in  the  flask  and  its  froczing-pnint 
leteniiined.  Weighed  portions  of  the  solute,  making  s(»lutions 
Iroiii  I  to  10  per  eent  are  added,  and  the  freezing- 

^int  determined  after  each  addition.  The  tle- 
pression  for  the  1  per  cent  solution  is  obtained 
iy  interpolation.  By  using  a  diagruin  m  which 
the  aliscLsaas  represent  the  concentrations  and 
he  ordinatei^   the  depressions,  the   <lepression 

>r  infinite  dilution  h  obtained  by  exterpola- 

Molecular  Weight  by  Freezing-point,— The 

freeiing-jxjint  like    the  boiling-pi  liiit  affords  a 

ms    of  deterniioing    molecular  weight,    I^t 

-the  depression    t*b&i'rvcd   fur  a   1  per  cent 

ion  and  J/  — the  molecnlar  weight  of  the 

?,  then  MD  ^  C,  the  molecular  constant  for 

C 
solvent,  and  the  molecular  weight  M^j-. 


Exunple,— A  solution  of  O.tiH  gram  of  acetic  acid 

IDO  gmms  water   caused   a  dopreassion    of  0.21(>8. 

rhe  deprraition    for  a   1   per  cent    solution  would  be 

»a2lftS^CMj8,  andaince  for  water  C=  IS.9,  the  above 

tiao  bc^omeB 


M^ 


0-2168 


^mx 


Fig.  43.  — DEPrsEuais- 

IMETEK    OF    EVK- 
HAN. 


» ttdtoular  weight  of  acetic  add  is  60, 


Dissociation  hy  Freezing-point.— An  ion  causes  the  same 
Icpression  ri^  a  inxjlecnJe,  atul  therefore  solntions  of  electrolytes 

ill  have  abnormally  !o\\'  freezing-points  and  the  moleeular  weight 
found  ^*'ill  be  too  anjalL  This  fact  may  be  used  for  deterniiiiing 
^he  percentage  of  dissociation  of  the  electrolyte.  The  increiise  in 
|eprt*?!Hit^rt  will  Ije  proportional  to  the  increase  in  ininiber  of  ions 

nd  nifilecnlc^  and  the  Uital  number  of  these,  i,  will  be  found  by 
Uviditig  tlie  moleeukr  depression  ioimd,  m,  by  the  normal  depres- 
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fix 
sioii  for  the  solvent.     For  water,  1=7^-0-    '^  a=the  number  of 

iiioleoules  decomposed  in  100,  2rt  =  the  number  of  ions  formed 
when  the  electrolyte  is  binar}%  1  —  a  =  the  number  of  molecules  not 
decomposed,  and 

t=(l  -  a)  +2a=  1  +  a,    a=f— 1. 

Example. — AO.  01 07  normal  solution  of  potassium  hydroxid  gave  a  deptei 

00388 
sion  of  0.0388.     The  molecular  depression  was  therefore    '^^^i,  X  100*- 363, 

Oft  o 

and  I  =  J-  ^  =  1 .92.  Hence,  a = 1 .92  - 1  -  0.92.  or  the  dissociation  was  92  per 
cent. 

Freezing-point  and  Hydrates. — Since  dissociation  grows  less  as 
the  solution  grows  strongiT,  we  should  expect  that  as  the  concen- 
tration increases  the  molecular  lowering  would  decrease  to  a  mini- 
mum and  then  remain  constant.  An  hivestigation  b^un  in  1900 
by  Ilarr}'  C\  .Tones  of  Johns  Hopkins  l^niversity  showed  that  with 
increasini^  strentrth  of  solutions  the  molecular  depression  generally 
falls  to  a  niiiiinnim  and  then  rises,  sometnnes  quite  rapidly,  and 
often  roacluvs  li('i<rhts  above  those  which  correspond  to  complete 
dissociation.  Jones  exi^lains  this  abnormal  depression  by  sup- 
posiii<r  that  hydrates  are  formed  and  that  the  number  of  mole- 
cules of  water  combining?  with  one  molecule  of  the  solute  increases 
with  the  concentration.  The  water  thus  combined  acts  no  longer 
as  the  solvent  and  does  not  influence  the  freezing-point,  and  the 
sohition  is  really  more  concentrated  than  it  seems. 

The  nuni]>er  of  molecules  of  water  contained  in  one  molecule 
of  the  hydrato  varies  from  one  to  fifty  or  more.  The  following 
are  exam])les:  Co]>per  chlorid,  normal,  20  molecules,  twice 
normal,  3o  molecules;  aluminum  chlorid,  one  fifth  normal,  3  mole- 
cules, one  half  normal,  19  molecules,  normal,  36  molecules,  and 
twice  normal,  48  molecules.  It  was  found  that  salts  which 
contain  water  of  crystallization  form  the  hydrates  with  m* 
water. 
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SOLIDS   AND   GASES. 


Solutions  of  Solids  in  Gases,— Many  solids  in  eontaet  with  gases 
{Jve  off  vapor  whif'h  Titixes  "with  the  gas  and  may  be  regarded  as  a 
iohition  of  the  solid  itt  the  gas,  Itnlin  and  camphor  are  good 
examples.  As  tlic  temperature  rises  the  stIlubUity  increasies* 
Since  the  &<jlid  paiiases  to  the  gaseous  state,  the  residt  is  reahy  a 
solo  lioii  of  gas  in  gas. 

Soluttoos  of  Gases  ifl  Solids,— ^lany  sohds  dissolvp  gas€s, 
S4*im*tjmeH  iri  large  t[uantities.  Charcoal  will  absorb  90  times 
its  volume  nf  aninioida  and  35  times  its  volume  of  carbon  dioxid. 
le  quantity  ilissolved  increa^\s  with  the  pressure  and  may  in- 
or  decreajie  with  the  temperature. 


LIQUIDS   AKD   LIQUIDS. 


SotutioELS  of  Liquids  in  Liquids.^Some  liquids  mix  in  such 

quantity  that  they  are  said  to  be  rautuaDy  insoluble.  An 
le  is  oil  and  wati^r.  Other  Uquids  dissolve  one  another 
to  A  limited  extent.  For  example,  ether  dissolves  in  water  and 
irater  in  ether,  but  if  more  than  one  part  of  ether  is  added  to  ten 
parU  of  water,  or  more  than  three  parts  of  water  to  one  liundred 
part3  of  ether,  the  excess  forms  a  separate  layer  and  each  liquid 
h  saturated  with  the  other.  Still  other  liqiiidB  mix  in  all  propor- 
tions; as  alcohol  with  water  and  chlorofonn  vnih  carbon  dbuliid. 

The  properties  of  liquid  solutions  are  not  the  sum  of  the  prop- 
erties of  the  separate  liquids.  There  is  generally  contraction  of 
%'olume,  change  of  vapor  pressure  and  of  boiling-point,  and  increase 
of  solubility  with  rise  of  temperature.  There  is  usually  develop- 
ment of  heat  when  the  liquids  are  mixed,  but  sometimes  heat  is 
absorbed. 

BoiMng-point  and  Vapor  Pressure  of  Mixed  Liquids. — With 
inixv<I  liquids  three  vmm  may  arise: 

1.  When  the  liquids  do  not  mix,  each  gives  off  its  normal 
Amonol  of  vapor  and  the  pressure  is  equal  to  the  sum  of  the  partial 

tot  the  several  vapors.     In  this  case  the  mixture  boils  at 
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a  lower  temperature  than  either  of  the  constituents.  Bromoform 
(CIIBrg)  boils  at  151%  bnt  if  water  be  poured  upon  it,  the  boiling 
begins  at  the  sarface  between  the  liqnids  at  93%  this  being  the 
temperature  at  which  the  sum  of  the  partial  pressures  is  equal  to 
the  pressure  of  the  atmosphere. 

%,  *  When  the  liquids  mis  only  to  a  limited  extent,  the  vapor 
pressure  is  less  than  the  sum  of  the  partial  pressures  and  generally 
is  only  equal  to  that  of  the  more  volatile  constituent,  A  mbcture 
of  water  and  ether  hoilfl  at  35^,  the  boilmg-point  of  ether.  The 
boiling  contimies  at  about  this  temperature  until  the  ether  has  all 
passed  over,  then  eeasea  until  the  boiling-point  of  water  is  reached. 

3,  When  the  liquids  mix  in  all  proportions,  the  vapor  prassure 
is  even  less  than  that  of  the  more  volatile  constituent,  and  lies 
somewhere  between  the  several  partial  pressures,  being  nearer  to 
that  of  the  liquid  [>resent  in  the  larger  proportion.  Upon  distilla- 
tion the  lighter  liquid  comes  off  rapidly  at  iirst  and  the  boiling- 
point  gradually  rises  until  it  ajjproaches  that  of  the  heavier  liquid. 
The  first  portion  of  the  distillate  consists  largely  of  the  more 
volatile  liquid,  while  the  last  portion  contains  the  heavier  one.  By 
collecting  in  separate  portions  and  repeating  the  distillation  the 
liquids  may  be  completely  separated.  This  process  is  called /m^- 
tional  didiUaiion,  Two  liquids  which  have  the  same  boiling-point 
cannot,  of  course^  be  separated  in  tliia  way. 

Mixtures  with  Constant  BoiUng-point.^There  are  some  liquid 
mixtures  which  show  a  niaxiniuni  of  vapor  prassure  or  a  minimimi 
of  boiling-point,  A  mixture  of  propyl  alcohol  and  "water  has  its 
lowest  bnling-point  when  it  contains  70  per  cent  of  the  alcohol 
and  30  per  cent  of  water.  So  also  there  are  mixtures  which  have 
a  minimum  of  vapor  pressure  or  nmxlnmm  of  boiling-pomt. 
Formic  acid  and  water  is  such  a  mixture  and  has  the  highest  boil- 
ing-point when  there  is  present  25  per  cent  of  water.  Such  mix« 
tnres  cannot  be  separated  by  distillation.  The  distillate  will 
vary  in  composition  until  the  maximum  or  minimimi  boiling-point  is 
reached  and  then  \\ill  contain  the  two  substances  in  constant 
proportion  until  the  liquid  is  all  boiled  away,  A  mixture  of  hydro- 
chloric acid  and  water,  for  example,  containing  20.2  per  cent  of 
hydrogen  chloritl  distils  unchangetl  at  1 10"^  under  atmospheric  pr^- 
sure*  A  stronger  acid  grows  weaker  aixd  a  weaker  acid  gruws 
stronger,  when   distilled,   until  the  above  strength   is  reached. 


CH.XL1    lltTERACTION  OF  BOLIDB.  LiqUJm.  AftB  OABMS.     137 

Roscoe  showed  that  these  mixtures  are  ut>t  cliemical  L-ujiipoirnds 
by  establishiiig  the  fact  that  the  compogition  of  the  distillate 
changes  with  the  i>ressure* 


• 


LIQUIDS   AND   GASES. 

Soluttoiis  of  Liquids  in  Gases.— When  a  liquid  is  in  contact 
with  a  gas^  it.  gives  off  vapor  until  the  gas  is  saturated.  This  may 
|>e  said  to  be  a  solution  of  the  liquid  in  the  gm.  ItVlocs  not  dif- 
fer, h<iwcver>  from  ordinar)'  evaporatioTit  since  the  vapfjr  pre!^iu*e 
of  a  tiquiti  in  ciintart  \vith  a  gas  seems  to  be  the  same  a&  in  a  vacuum. 

Solutions  of  Gases  in  Liquids. — When  a  gas  is  bri>iight  in  contact 
Willi  a  liquid  it  i^  absorbed  until  the  liquid  is  saturated.  The 
volume  of  the  gj^  nhmvlied  by  one  vokime  ijf  the  liquid  is  called 
the  mlubiliiy,  or  wepcumt  of  sohibilUy^  of  the  gas.  This  coelfi- 
eieiit  \^arieft  between  larpe  limits,  being  0.02  for  nitrogen  and  1100 
for  amnion ta. 

There  are  two  clashes  of  gas  solutions.  In  the  first  class  there 
IS  no  fheniieal  action  and  the  gas  is  completely  expelleil  l>y  raising 
the  temperature  to  the  boiling-point  of  the  liquid  or  by  reducing 
the  [pressure  to  aero.  These  are  the  true  solutions  and  the  ones 
tfi  which  the  laws  of  gas  solutions  apply.  In  the  second  class 
tiiere  is  eh*?mical  union  lietvveen  the  gas  and  the  hquid,  and  the 
gBS  is  not  all  expelled  under  the  above  conditions-  These  are 
called  chenikal  solid wns,  and  to  them^the  laws  of  gas  solutions  do 
not  sirirtly  apply. 

The  aniount  of  a  gas  which  dissolves  in  a  liquid  depends  upon 
varifmfi  conditions,  the  most  important  of  which  arc  as  follows; 

L  The  Naiurc  of  the  Tv'o  Suhstnnccs.^Giises  are  genemlly 
more  soluble  in  alcohol  than  in  water  and  the  solubility  is  gen* 
erally  low  where  there  is  no  chemftal  action.  The  following  table 
iUiifltrates  the  wide  range  of  solubCity.  W  is  the  coefficient  of 
fw*Iub*dity  in  water,  and  A  in  alcohol  at  0°  and  760  mm. 


W,  A- 

NlinM^cn  .  0.020  0J26 

llydmgeii 0.010  0,069 

Uxvgi^n ,  - .  0  041  0.281 

Cwbon  dloxid 1 .797  4.329 


W.  A. 

Carbon  monoxide . ,  0 ,  033  0 ,  204 

Hydrogen suliid  ..4.371  17.890 

Hydrogen  chlorid.  .       503 
Ammonia. . . , 1 100 


2,  The   Trmpentture, — The  solubility  dlminishe??  as   the  tem- 
perature riscss^  slowly  in  true  solutions,  more  rapidly  in  chemical 


iiMM 


^^^gamg 
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solutions.  At  the  boiling-point  the  gas  is  completely  expelled 
from  true  solutioa^  and  in  some  cases  from  chemical  solutions* 
The  following  table  shows  the  effect  of  rise  of  t'emperature  upon 
solubihty : 


N 

CO, 

ns 

HO 

NHi 

0** 

I).  020 

1.797 

4,371 

503 

IHS 

IQO 

o.um 

lJg5 

3,5S6 

450 

865 

20^ 

0,014 

0.901 

2.905 

425 

054 

50^ 

OJJOS 

0.500  , 

2000 

3&4 

306 

100^ 

0,000 

0.000 

0.000 

12 

0 

I 


3.  Tfte  Pressure — Henry  *s  Lau\ — Experimenta  made  by  WilHam 
Henry  in  1803  and  verified  by  Bunscii  established  what  m  known 
-as  Henry* s  law,  viz.,  The  quantity  of  a  gas  dissolved  by  a  definite 
c|uantity  of  a  Uquid  k  pn>purtional  to  the  pressure  of  the  gas. 
Since  the  volume  of  a  gas  m  inversely  proportional  to  the  pressure, 
the  law  may  be  stated  thus:  A  given  quaiUity  of  a  liquid  dissolim 
iM  same  volume  of  a  gas  at  all  presmres. 

The  following  tiible  gives  the  volume  of  carbon  dioxid  which 
dissolves  in  unit  volume  of  water  at  difTereiit  pressure  and  the 
ratio  of  the  two  volumes.  The  last  Is  seen  to  be  practically  con- 
stant: 


p 

V 

J,  +  V 

P 

r 

jj  +  p 

80.0 

1.1019 

0.01352 

218. 9 

3.1704 

0.01452 

147. 0 

2.1623 

0.01471 

255.4 

3.7152 

0.01455 

Some  gases,  particularly^ those  which  have  a  high  solubility 
and  act  chemically  with  the  solvent,  show  deviations  from  Henrj^'s 
law.  Ammonia  and  sulfumus  oxid  are  examples.  These,  how* 
ever,  at  higher  temperature — ammonia  at  100^,  and  sulfunous 
oxid  at  40^ — follow  the  law. 

Solutions  of  Gases  in  Gases. ^ — Gases  expand  indefinitely  and 
always  fill  the  vessel  which  contams  them.  If  two  vessels  contain- 
ing different  gases  be  brought  mouth  to  month,  they  will  soon  both 
be  filled  with  a  mixture  of  the  two  gases.  If  a  porous  plate  be 
interposed,  the  gases  will  pass  through  it.  This  mutual  mixing  of 
gasee  is  called  diffusion^  and  is  due  to  the  continuous  motion  of 
the  gaseoua  molecules. 

Law  of  Diffu.nofh-*-The  law  of  diffusion  is  determined  by 
experiment,  but  may  also  he  derived  in  accordance  with  the  kinetic 
theory  of  gases.  All  gases  sustain  the  pressure  of  the  atmosphere, 
and  equal  volumes  contain  the  same  number  of  molecules,     Since 
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pressure  k  th^  result  of  molecular  impact^  the  lighter  molecules 
must  move  more  rapidly  than  the  heavier  ones  in  order  to  strike 
with  the  same  force.  According  to  physical  laws  impact  is  eqtial 
to  the  mass  multiplied  by  the  square  of  the  velocity.  Since 
pressure  represents  impact  and  maea  ii  proportional  to  density,  we 

liave 

p  =  dv^    and    p  =  d'v'^^ 
whence 

^,    or     t^=^^-j> 


df^  =  d'v'^    and    d  = 


-=h 


and     V  =  — r=. 


in  whteh  p  is  the  atmospheric  pressure^  d  and  ^^  the  densities,  and 
V  and  p'  the  diffasion  velocities  of  two  gases.  If  d  and  d ',  repre- 
Benting  the  density  and  velocity  of  hydrogen,  be  taken  as  unity,  we 

hjkWB 

¥d 

Hence  the  law;  77ie  densiitf  of  a  gas  varies  inverseltf  as  the 
square  of  the  tmlocity  ofdifrmofh  and  the  i^eUciiy  of  diffusion  varies 
inversely  as  the  square  root  of  the  defuUy. 

Since  there  is  a  fixed  relation  between  density  and  molecnlar 
weighty  diffusion  becomes  a  means  of  confirming  molecular  and 
atomic  weights. 

Qloitrition. — Close  a  porous  earthenware  cup  with  a  cork  through 
wliioh  paA6es  a  long  glasi^  tube;  support  it  upright  with  the  end  of  the 
tube  dipping'  iti  warer.  Lower  ovc^r  the  cup  a  vessel  of  hydrogen*  The 
hydrogen  diffuBes  into  the  cup  faster  than  the  air  diffuses  out  and  the  ex* 
eeas  bubbles  out  below.  Remove  the  vessel  and  now  the  hydrogen  diffuses 
oat  frtstt^r  thrtu  the  air  diffuses  in  and  the  water  fs  drawn  up  into  the  tube. 

Properties  of  Gas  Solutions.— The  properties  of  solutions  of  gasea 
in  gases  are  the  sum  of  the  properties  of  the  constituents.  The 
tiitai  pleasure  is  eciuaJ  to  the  sum  of  the  partial  pressures.  The 
law  of  Boyle  ap[>li^,  and 

or  the  pnKloct  of  the  total  pressure  and  volume  is  equal  to  the  sum 
of  the  pmducts  of  the  partial  pressures  and  volumes. 

Deviations  from  this  law  have  been  observed.  When  gases  are 
mixed  under  high  pressure*  there  is  sometimes  an  increase  and 
flocnaliines  a  decrease  of  volume^ 


CHAPTER  XII. 
THERMOCHEMISTRY. 

Energy  Changes. — Chemical  changes  involve  energy  changes. 
Every  eheniirtil  action  is  attended  by  certain  physical  energies 
which  nijiy  take  the  form  of  heat,  light,  electricity,  sound,  or 
mechaTii(;ul  work.  This  energy  is  generally  liberated  as  heat  and 
in  many  cases  can  be  wliolly  transformed  into  it.  Ileat  is  then 
taken  as  the  measure  of  chemical  energ}',  but  it  mnst  be  remem- 
bered tliut  this  physical  energy  may  not  and  probably  does  not 
include  the  whole  of  the  energy  of  chemical  actions.  The  study 
of  the  thermal  effects  of  chemical  changes  is  caUed  thermo- 
cite  I  n  isfrtf. 

Thermal  Equations. — The  ordinary  cliemical  equation  indicates 
mol»*<"Ml:ir  :ith1  wei;xlit  changes,  but  ignores  the  attendant  develop- 
ment MM'l  tr;iiisforin;itioii  of  energy.  The  equation  H,  +  CI,  = 
vMlCl  tflls  us  that  two  grams  of  hydrogen  and  71  grams  of  chlorin 
uiiiti'  to  make  T'5  ^rrarns  of  IICl,  l»ut  says  nothing  of  the  fact  that 
tlnTr  is  at  the  same  time  liljcrated  enough  heat  to  raise  44,000 
irnuns  of  water  tlirou^^^li  one  deixree  of  temperature.  The  equation 
is  nia«le  to  indicate  this  new  faet  by  a  simple  addition  thus: 

n.  4-  C'l,  =  2IIC'l  +  44,000  cal., 

eal.    mean  in  ir    «:rani-calories.      Another   method   of  writing  the 

erjuation  is  this: 

[ir^,Cl.]  =44,000. 

This  e<|uation  is  reversible  and  may  be  written 

•^IK'l  =  I^  +  CI,  -  44,000  cal., 

which  means  that  in  the  (]econipositir)n  of  73  grams  of  HCI  in* 
11  an«l  CI  tliere  are  absorbed  44,000  heat-units. 
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A  fteaction  in  which  heat  ie  liberated  is  called  exoikerfnic,  and 
compouud:^  thus  formed  are  stable* 

A  reaction  iu  which  heat  is  absorbed  is  called  mdothtrmic^  and 
the  counttjunda  formed  are  unstable. 

Heat  developed  is  indieated  by  the  plus  Bign^  heat  absorbed  by 
le  mitiUB  sign. 

In  iht?rriial  eqnationa  molecular  formulae  are  used  and  molec- 
nkr  quautitiea  m  grams  are  always  meant.     Practically  it  is  more 
[inveiiieiit  to  have  the  equations  in  their  low^est  terms,  and  they 
be  so  u«ed*     The  reiictiou  above  muy  as  well  be  written 


H  +  01  =  HCl  +  n,m^  cal 


'E< 


The  thermal  effecte  of  chemical  action  are  not  so  simple  a^  they 
would  at  first  appear.  There  are  many  attendant  conditions 
which  influence  the  reBiiltfl,     Homo  of  them  are  as  follows: 

1-  Molvrulnr  eondiiion  fif  ihc  Jmiors^  In  the  formation  of  HCl 
the  thermal  equivalent,  44,000  caL,  is  not  the  full  measure  of  the 
flit  dt*velcij>ed  in  the  action,  but  the  difference  between  this  heat 
d  that  coneumed  iu  the  decomposition  of  tlie  molecules  of 
hydrogen  and  cblorin. 

2,  T/ie  phfj^iatl  stale  of  iht  farir^rR  and  prmiurts.  If  in  the 
reaction  the  state  of  either  substance  is  changed,  there  is  a  corre- 
Bponding  change  in  the  thermal  effect-     The  equation  for  the 

lhm\%  i}t  water  as  steam  is     * 

H,  -f  0  =  H,0  (steam)  +  58,690  caL 

the  condensation  of  stetim  heat  is  evolved  as  follows: 

H,0  (steam)  ^  H,0  (water)  +  9670  cal, 

The  equation,  then,  for  the  synthesis  of  water  in  its  liquid  form  is 

n,  +0  =  H,0  (water)  +  68,360  cah 

The  physical  state  Is  indicated,  when  desirable,  by  using  heavy- 
r:ed  tj^vo  for  solids,  italics  for  gasea,  and  ordinary  type  for 
|uids.     Example: 

C  (solid)  +  (\  (gas)  =  CCl^  (liquid)  +  21,000  cal. 

%    The  prejtrjirfl  of  tmier*     Many  subBtanceH  nnite  with  water 
dimiolvf*  ft.  if  with  thermal  changcB.     The  molecular  quantity 
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of  water  Ls  indicated  by  the  formula  H,0;  an  excess  of  water,  such 
that  the  addition  of  more  pnjduces  no  thermal  change,  is  indicated 
by  the  syinljo]  Aij.  Take  for  example  the  formation  and  solution 
of  liydmbnmiic  acid: 

Fonnation H-f  Br  (gas)=HBr  (gas) +  12,100  caL 

Solution  in  water HBr+Aq  =  HBrAq  + 19,900  cal. 

Fonnation  and  solution  . .  H + Br +Aq= 32,000  cal. 

By  hent  of  formation  is  meant  the  total  heat  produced  when  a 
compound  is  formed  fn)m  its  elements;  as, 

S-fO,=SO,+71,0S0cal. 

Heat  of  cheTfiical  tinion  Ls  similar  to  heat  of  fonnation,  the 
uniting  parts  being  compounds  instead  of  elements;  as, 

CaO  +  aJj=CaCX),+42,400  eal. 

Heat  of  deeomposUion  Ls  the  opposite  of  heat  of  formation  or  of 
chemical  union,  or  is  cH|ual  in  (quantity  but  with  opposite  sign;  as^ 

ViiCi  \  -CaO  +  COj- 42,400  cal. 

Heat  of  Solution. — ^l^y  heat  of  sttlution  Ls  meant  the  total  heat 
clian^t*  produced  when  th(»  substance  Ls  added  until  the  water  is 
saturatccl,  or  when  water  Ls  ailded  to  the  substance  until  there  is 
no  nnn-e  heal  change.  The  quantities  of  water  and  substance  are 
taken  in  «rrani-niolecular  weijrlits.  We  may  nnighly  distinguish 
thr(M'  cases:  (1)  There  is  simple  solution  without  hydration  or 
<'heniical  actii»n,  and  willi  or  without  ionization;  (2)  there  is 
fornird  a  drlinite  hydrate  with  water;  (.S)  there  Ls  chemical  action. 
The  invest  ii^at  iun<  < if  Julius  Thonisen,  Berthelot,  and  others  have 
establb^hrd  tlie  fnllowiiij^  facts: 

1 .  Anhvilrous  or  deliydratecl  salts  which  do  not  form  cr}'stalliza- 
!)le  liydrates  and  are  not  eonii)letely  decomposed  by  water  dissolve 
with  ai)sr)q)tion  of  heat.  To  tliLs  ^nnip  belong  the  haloid  com- 
pounds of  ])otassiuni,  lead,  tlialliuni,  mercury,  and  silver,  cadmium 
iodid.  ^old  hroinid,  tiie  potassium-haloid  compounds  of  platiniun, 
palla<liuni,  and  mercury;  most  salts  of  potassium  and  many  salts 
of  leacl.  thallium,  and  silver. 
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2.  Most  ardiydrous  or  dehydratal  salts  which  farm  €r>^tal- 

ikable  compounds  with  water,  cjr  which  are  completely  det!om- 
posed  by  wat-er,  dissolve  with  evoltitiim  of  htmt.  To  this  group 
belong  the  halids  generally*  except  thtjse  nientionetl  above,  potas- 
gium  carbonate,  most  of  the  srlts  of  sodium,  and  the  dehydrated 
sal  la  of  the  magnesium  group* 

Sodium  cidtmd  and  sodium  broirdd  belong  to  neither  of  these 
groups.    Tliey  dissolve  with  absorption  of  heat. 

3,  Most  hychsted  salts  dissolve  in  water  with  absorption  of 
heat;  a  few  dissolve  vnXh.  evolution  of  heat.  Among  the  latter 
are  the  sulfates  of  lithium,  glucinum,  and  manganpBe,  and  the  chlo- 
lids  of  magnesium, manganese,  iron ,  cadmium,  and  copper,  Thomseji 
supposes  that  thejse  salts  exi^t  in  solution  in  a  higher  state  of  hy- 
dration. 

Heat  of  DUution, — By  heat  of  dilution  is  meant  the  total  heat 
produced  when  a  given  quantity  of  water  is  added  to  a  solution  of 
given  strength*  A  solution  of  one  gram-molecular  weight  of 
sodium  sulfate  in  50  molecules  of  water  absorbs  upon  addition  of 
60  nioiecuies  more  of  water^  665  calories,  Tiie  addition  of  30  mole* 
culcsi  of  water  to  a  solution  of  a  moh  of  magnesium  sulfate  in 

C30  mols.  of  welter  ratises  the  development  of  279  calories* 
f     Heat  of  Hydration.— The  he^-it  of  hydration  is  the  quantity  of 
heat  prrxluceil  iluring  the  combination  of  a  mob  of  the  substance 
with  the  amount  of  water  necessary  to  the  production  of  a  definite 
hydrate;  aa, 
'  N%PO.+l0H,O=Na^CV10H,O+ 23,520  caL 

Heat  oi  Chemical  SQlution* — \Mien  chemical  combination  takes 
place  between  the  substance  and  water,  the  heat  evolved  will  be 
partly  due  to  solution,  but  mainly  to  the  chemical  action.  Sulfuric 
oxid  diaaolves  in  water  according  to  the  fojlowing  table: 


. «  21 320  caI       (S0,.3H/)) _  =  30  J3g  cal. 

.  =  27,699  cal.       (SO^,  UiOOH,0= ).  .  =  39,105  cal. 


Tl  M  seen  that  more  than  half  the  total  heat  Is  produceil  by  the 
mldEtion  of  the  finit  molecule  of  water,  and  that  the  increase  of  heat 
f  '  ■  '  '  '►■cule  is  only  half  that  for  the  second,  and  that  but 
i.  -  evoive<l  after  tJic  addition  of  the  third  molecule. 
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Heat  Detenninations. — ^Thc  heat  of  reactions  may  be  measured 
in  varioiLs  ways.  Tlie  nieth(Ki  most  convenient  is  to  observe  the 
physical  change  which  is  prcxlucetl  in  some  standard  substance; 
as,  for  example,  the  amount  of  ice  which  is  melted  at  0®,  or  the 
rise  in  temperature  which  Ls  caused  in  a  given  quantity  of  water. 
The  latter  Ls  the  one  mast  used. 

Tliere  art*  various  forms, of  calorimeters,  only  two  of  which  need 
be  mentioned  here.  The  first  Ls  the  common  water-calorimeter 
use<l  for  sul^tances  in  solution.  It  consists  essentially  of  two 
vessel^,  an  inner  one,  usually  of  platinum,  into  which  the  solutions 
are  intn^Uiced,  and  an  outer  one  containing  a  given  quantity  of 
water.  The  heat  produced  is  measuretl  by  the  rise  in  tempera- 
ture in  the  solution  itself  and  in  the  water  surrounding  the  inner 
vessel.  Tlie  thermometers  ase<l  are  graduated  with  great  accuracy 
an<l  various  correct  ioiLs  are  made  for  tlie  temperature  of  the  experi- 
nuMit,  for  the  si)ecifi(!  heats  of  the  vessels  and  of  the  solutions,  for 
chanjijos  of  vohuno,  etc. 

The  second  fonn  of  apparatiLs  is  used  in  combustions.  The 
sul)stanc(»s  are  encloses  I  within  a  steel  bulb,  called  an  explasioTir 
homh,  which  is  filled  with  oxyj^en  under  a  pressure  of  25  atmos- 
j)h(T(»s.  Substances  whicli  burn  slowly  in  the  air  are  rapidly  con- 
sumed in  colli] )rcsse(l  oxvi^oii.  The  combustion  Ls  started  by  pass- 
iuo;  an  electric  current  throue:h  an  iron  wire  in  contact  with  the 
mixture.  Tlie  bulb  is  (Miclosed  in  a  water-calorimeter  and  the  heat 
is  measured  iu  the  usual  way. 

Heat  at  Constant  Voltune  and  at  Constant  Pressure. — ^If 
there  is  uo  cliaiisrr  iu  volume,  no  work  is  done,  and  the  heat  evolved 
rej)re^(M»ts  ilw  difTerenee  betwcHMi  the  intriiLsic  enei^gy  of  the  sub- 
staucjs  reacting  and  that  of  those  formed;  that  Ls,  the  whole  of 
the  cnrru:y  of  the  reaction  ap])ears  as  heat.  In  most  reactions 
involving  only  solids  and  li(iui«ls.  tlie  chanjje  of  volume  Ls  so  small 
that  it>  (effects  may  be  nesrlected.  If  a  gtis  is  produced,  there  may 
he  a  irreat  chanire  of  volume  and  consequently  an  appreciable 
amount  of  work.  The  lieat  appearin.i]:  will,  therefore,  be  less  than 
the  total  eneri^y  of  the  reaction.  This  difTerenee  has  been  found 
to  hr  'IT  calories  for  each  inol.  of  pis  fonneil,  T  being  absolute 
temperature.  Jf  a  )*'a<  disappears,  the  heat  will  be  increased  by 
IT  calorie<  for  each  molecule  of  <ras  condensed.  For  example, 
when  hvdn)i!;en  and  oxv«^(?u  combine  in  the  bomlxsalorimeter  at 
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ijon&tant  volume  and  at  18®,  the  heat  prodaced  is  67,487  calories. 
If  the  reaction  took  place  at  constant  pressure,  say  in  the  atmos- 
phere, water  would  be  formed  irLsteatl  of  steam»  and  I  molecule  of 
hydrogen  and  \  molecule  of  oxygen  would  disappear.  The  heat 
therefore  would  be  in  c  rented  by 

1 .5  X  2  X  (273  +  IS)  =  873  calories, 

and  the  heat  of  union  of  hydrogen  and  oxygen  at  constant  pressui^ 
is  67,4S7  +  873  =  fiS;M)  calories, 

Laws  of  Thermochemistry,— The  laws  ot  therniocheniigtty  and 
the  ihita  upon  which  they  are  based  have  been  carefully  studied  by 
LaVijL^ier,  La  Place,  Hess,  Favre,  Silbcnnann,  Hert helot »  Julius 
TliiiEiist^n,  Ostwaldj  and  many  others.  Ksjiecially  n(»t.(ible  has  been 
the  Tvork  of  Herre  Eugene  Berthelot  of  Paris  and  Julius  Thomsen 
of  Cojienhageu.  The  most  important  las\^  of  thermochemlatry  are 
as  follows: 

1.  I-Aw  of  molecular  work.     Tlie  quantity  of  heat  »et  free  in  a 
w  a  measure  of  the  total  work,  chemical  and  physiml,  done 

(Ae  reaction, 

2.  Law  of  heat  of  formation  and  decomposition.     Tfe  heat  of 
%'pfmtwn  of  a  sulh^tance  i^  exocllf/  e^fiud  to  the  heat  of  its  fortrm- 

This  law  Vir'm  first  annourice«l  by  LavoLsier  aiifJ  La  Place, 

3.  The  law  of  initial  and  final  state.  The  qimniUu  of  heat  gen- 
ersilpii  hj  a  chemicul  aclLon  is  the  same  whether  it  iakis  pki<:e  in  one 
or  several  skujes.  Tliis  law  was  diBCovered  by  G*  IL  He^,  a  Gcniian 
chemlHt,  in  1840. 

4.  Tlic  law  of  maximiun  \vorb.  Every  eh^^micol  chamje  atxoTnr 
plMcd  wiihoid  th€  aid  of  oidside  energy  icmk  to  the  produdion  of 
lAoC  body  or  sif$lern  of  bodies^  the  forrmUian  of  which  mIb  free  the  num- 
mum  fpmnlity  of  heat. 

To  illuiitrate  the  law  of  mammum  work,  we  may  take  the  follow- 
ing rcactiotts: 

K+Cl  =  Ka  + 105,680  eal,    K + Br  =KBr+ 95,380  cal. 

CUorin  should  therefore  replace  brorain,  anxl  it  does  so  aa  follows: 

KBr +C1-KC1  + Br  + 10,000  cal 

To  the  law  of  maximum  work  there  seems  t^o  Ije  many  excep- 
Dos*    Tlicrc  are  endothermic  reactions  which  take  place  spon-* 
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taneoiu?ly  ami  there  are  exothermic  coinp>oiLnds  which  cannot  bo 
directly  formed.  The  lieat  of  formation  of  IjOj,  as  found  by 
Thomsen,  is  40,0;^  calories,  yet  iodin  and  oxygen  cannot  be  made 
to  combine  ilirectly.  It  is  jwssible  that  these  exceptions  will  be 
explained  and  that  the  law  will  yet  be  found  to  be  rigidly  correct. 

Indirect  Heat  Determinations. — The  law  of  Hess  is  of  the  great- 
est imiM)rtancc  in  thennochemistry.  The  heat  of  formation  can 
be  determineil  in  comparatively  few  cases.  This  law  furnishes  a 
simple  rneaiLS  of  imlirect  determination.  For  example,  CO  cannot 
be  formed  synthetically,  but  we  have  the  following: 

C  +02  =  002+97,000  cal. 
CX)+0  =CX),+68,000  cal. 

According  to  the  law  of  Hess,  the  difference  between  these  is  the 
heat  of  formation  of  CO,  and  hence 

C+O=CO+29,000cal. 

In  a  similar  manner  the  heat  of  a  reaction  may  be  computed. 
It  is  equal  to  the  difference  between  the  heat  of  decomposition  of 
the  substances  entering;  the  reaction  and  the  heat  of  formation  of 
th(^sc  eniorjrinjr  from  it.  The  heat  of  the  elements  is  zero.  Since 
tlie  hoiit  of  fonnatin!!  is  e(iiial  to  the  heat  of  decomposition,  we 
may  sui>stitutt'  fnr  tlie  molecular  formulas  in  an  equation  the  heats 
of  formation,  and  finil  the  heat  of  the  reaction  by  the  following 
general  o<iuation: 

J  +  /?  =  C+/)-x. 

Examples.—  M^K'l,  +2Xii=  2\a(l  +Mg-aj. 

lol,()()()+    0    =105,400+  0  -X. 
j-^2:VJ.S00cal. 
KIIOA.i  +  lI(;iAci=K(n  Aq4-  H,0  -x. 

iic..ii;.()  -h30,3ir>  =ioi,;5j()  4-()S,300-x. 

jr=  13,925  cal. 

Any  one  of  tlv  heats  of  formation  can  be  computed  in  the  same 
way  if  the  heat  of  \\\v  reaction  and  the  heats  of  formation  of  the 
other  coni])ouinls  arc  known.     \\y  the  la.st  ecjuation  the  heat  of 

formation  of  K(.'l  is  found  as  follows: 

IIG.IOO  +:^,<).3ir)- J  +6S,3G0  -13,925. 
r- 101. .340  calories. 
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CH4+4O-  COa    +     2HaO     -211,900  cal 

a:    -f-  0  =97.000  +2x68,300-211,900  cal. 

I =21,700  cal.,  the  heat  of  formation  of  methane* 


Heat  of  Combustion*'— The  heat  of  combusHon  is  the  heat  pn> 
4uced  when  a  substance  is  completely  burned  in  oxygen.    It  is 

equal  to  the  difference  between  the  heat  of  formation  of  the  com- 
pound burned  and  that  of  the  products  of  the  combustion.  The 
beat  of  combustion  is  eaaily  measured  and  is  n^uch  used  in  the 

r     indirei*t  determination  of  heats  of  formation.    The  heat  of  com- 

[     bustiou  of  methane  is  as  follows: 

^Kj^lLennoiieutrality  of  Salt  Solutions.— Bait  solutions  are  highly 
^Sbciated,  and  if  their  ioug  do  noi  react  there  is  no  heat  change 
when  they  ar^  mixed.  This  law  ut  thennoDetitrality  of  salt  solu- 
tions was  first  observed  by  Hess.  There  is  no  heat  production 
because  there  is  no  chemical  aetion. 

Heat  of  Neutralization. — By  heat  of  neutralization  is  meant 
the  heat  which  Ls  evolved  when  equivalent  quantities  of  an  acid 
and  a  base  are  brought  together  in  dilute  solution.  If  the  ions  of 
two  solutions  unite  to  fi>nn  undissoc-iated  compounds,  the  heat 

their  umon  will  appear.  If  aiidp  base  and  salt  are  all  disso- 
iated,  the  only  compound  formed  is  water,  and  the  heat  of  neu- 
tralization win  be  the  heat  of  uiuon  of  the  ions  H'  and  HO',  The 
boat  of  neutralization  of  strong  acidy  and  strong  bases  hm  been 
found  to  be  constant  and  ec^ual  to  13,700  calories.    For  example; 

H%CI'  Aq+Na  ,H0'  Aq-Na%a'  Aq +11,0+13,700  cal. 

Or,  fiinee  the  sodium  and  chlorid  ions  remain  unchanged,  the  real 
.  reaction  is  only  between  the  Ions, 

H*  +HO'  =  H,0  +13  JOO  cal. 

If  the  acid  and  b^e  are  weak,  the  dissociation  will  not  be 
complete,  and  as  fast  as  the  ions  are  removofl  new  ones  will  he 
jsMpplknl  by  furtlier  dissociation  whicli  will  invoh^e  heat  changes. 
Furthermore,  an  undissoeiated  salt  may  lie  formed.  These  changes 
may  inereade  or  dimiiii??h  the  heat  uf  neutral izatitin.     For  example; 

Formic  acid  and  sodium  hydroxid  yield  13,400  calories. 
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rhosphoric  acid  and  sodium  hydroxid  yield  14,830  calories. 

Acetic  acid  and  anunoniuni  hydroxid  yield  11,900  calories. 

Basicity  of  Acids  by  Heat  of  Neutralizatioii.— If  a  gram- 
molocular  wci^^ht  of  an  acid  be  dissolveil  in  a  large  quantity  of 
water  and  a  base  bo  added  by  molecular  weights,  the  acid  ^^-ill  be 
neutralizeil  when  no  more  heat  is  produced.  The  number  of 
ecjuivalents  of  the  baise  reijuired  will  indicate  the  basicity  of  the  acid. 

Examples. —  H(1  +  J\aOH=  6.000  calories. 

IU'l+'Xa(  HI  =13.700        " 

HO +  2Na()H=  13,700  *' 
H3S(\+  N:iOH=  14,500  '* 
H  Si ),  +  2NaOH=  31 ,000  ' ' 
H,SO,  +  3XaOH=  31,000       " 

Hydn^chlnric  acitl  refjuires  one  molecule  of  sodium  hydroxid 
for  its  noiitralizatioii  and  is  therefore  monobasic;  sulfuric  acid 
rcsjuins  tAvo  and  is  dil)asic. 

Heat  of  Formation  of  Allotropes  and  Isomers. — Several  ele- 
ments exist  in  \\\o  or  more  allotropic  fornts.  When  one  of  these 
forms  is  clianired  into  another  there  is  always  heat  change.  This 
cliaiipe  is  best  measured  indirectly  by  heat  of.  combustion. 
(1\„();,^  -o()0,l()0  calories  when  the  phosphorus  is  in  the  ordinary 
form:  (1\.,0..)  -  i>-^).S()()  calories  when  the  phosphorus  is  amor- 
j)hous.  The  (lifTereiice  is  -il2,.3()0  calorii^s;  or  in  changing  62  grams 
of  on li nary  into  ani«»r]>hous  phosphorus,  -12,300  calories  of  heat 

are   evolvtHl. 

Sn  als«)  i>onieric  conijxMuuls  show  difTerent  heats  of  formation 
an<l  cnniKustiiwi.  'Hie  lieat  of  comlnistion  of  acetic  acid,  C4H4O,, 
is  •JlO.OOOraloriis.  %\liili'  that  of  the  isomeric  methyl  fonnate  is 
2.VJ,0()()  calories.  'J'liis  ililYerence  is  due  to  the  fac^t  that  the  heat 
of  ileconi]>osition  «'f  «'pe  ninlrcrli-  is  prreater  than  that  of  the  other. 

Calorific  Intensity  of  Reactions.  —  The  heat  developed  in 
cneniieal  reactions  is  called  calorific  power.  The  maximum  theo- 
retical leniperaiure  to  which  the  products  are  raised  is  called  the 
rahni'ir  i /tit tisif//.  C'alorilli-  i»(»\ver  is  constant  whether  the  action 
be  slow  or  ra])id.  Calorifu*  intensity  depends  upon  the  rapidity 
of  tile  action  and  other  attendant  conditions.  The  theoretical 
temperature  is  never  realized. 

Tile  ealorilic  intensity  is  e([ual  to  the  caloriiic  power  divided  by 
the  fiini  i»f  the  ]»n»duets  el  the  weiLrlits  and  .■.j)ecific  heats  of  the 
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products  of  the  reaction.  If  P  represent  the  calorific  power,  /  the 
calorific  intensity,  m^  m\  m'\  etc.,  the  weights^  and  «,  s',  8^^,  etc., 
the  specific  heats  of  the  products,  then 


/  = 


ms  +  m's'  +  m''8''  + , 


In  this  computation  must  be  included  the  physical  state  of  the 
products  and  the  effects  of  any  other  substance  which  may  be 
present,  such  as  nitrogen  of  the  air,  ash,  and  unburnod  substances. 

Example.— For  a  simple  example  we  take  the  case  of  hydrogen  burned 
in  oxygen, 

H,  +  O  =  H,0  +  68,924  cal. 

From  this  must  be  subtracted  the  heat  of  condeusation  of  steam,  9,670  cal. 
Tiie  remainder  is  59,254  cal.  The  si)ecific  heat  of  steam  is  0.476.  Making 
the  substitutions,  we  have  for  the  theoretical  temperature 

r         59,254  ^^^^^ 

^=18x0  475     =«^^«^- 

Bunsen  observed  a  temperature  of  2844**. 

For  the  union  of  CO  with  O  we  have  CO  +  O  =  COs  +  68,000  cal. 
The  molecular  weight  of  CO,  is  44,  and  its  specific  heat  is  0.2164.  We  havo 
then 

I^      68,000       ^ 

44  X  0.2164        '  ^  • 

The  temperature  observed  by  Bunsen  was  3008*. 


CHAPTER  Xin. 
PHOTOCHEMISTRY. 

Radiant  Energy. — ^Enei^r}'  transmitted  through  ether  is  called 
radiant  energy.  Its  presence  is  made  known  through  our  senses 
only  when  it  meets  with  ponderable  matter  and  is  tranaformed 
into  those  energies  with  which  we  are  familiar.  It  is  supposed 
to  be  due  to  ethereal  vibrations,  but  so  far  as  We  know,  there  is 
no  quantitative  relationship  between  the  ether  and  the  energy, 
such  as  there  is  between  matter  and  the  usual  forms  of  energy. 

Radiant  enerp}-  may  be  converted  into  any  of  the  ordinary 
forms  of  enefjcy.  but  generally  appears  as  light  and  heat.  It  may 
produce  mechanical  motion  as  in  the  radiometer,  and  it  is  the 
agent  which  induces  many  important  chemical  actions.  It  is  the 
chemical  effects  (»f  radiant  ener^:}'  with  which  we  are  now  epe- 
cially  concerned  and  tlie  study  of  which  is  called  Phoiochemistry. 

The  sun  is  the  chief  source  of  radiant  energ}-.  This  energy  comes 
to  us  mainly  as  heat  and  light,  but  investigation  has  shown  that 
there  are  many  rays  which  are  not  perceptible  as  heat  and  light, 
and  tliese  arc  in  some  cases  the  particular  rays  which  produce 
the  greatest  chemical  effect^.  Such  are  the  ultra-red  and  the 
ultra-violet  rays  of  the  solar  spectrum. 

History  of  Photochemistry. — ^Thc  action  of  light  upon  silver 
salts  was  first  observed  hy  Schultzc  in  1727.     In  1777  Scheefe 
photographed  the  spectnnn  and  found  that  the   chemical  effect 
was  not  the  same  for  light  of  different  colors.     In  1801  Hitter 
discovered  that  chemical  action  was  produced  by  rays  outsid 
of  the  spectrum.     Photography  was  discovered  by  Daguenre  i 
IS.'^S.     Liebig  in  1S40  and  J.  R.  Mayer  in  1842  investigated  ♦' 
action  of  sunlight  upon  green  plants.     Later  investigations 
made  by  l)ra[)er  (1SG2),  Hankel  (1862),  Bunsen  and  Roscoe  ( 
and  others. 

Chemical  Action  of  Radiant  Energy. — It  has  been  she 
all  light,  including  the  ultra-red  and  the  ultra-violet  i 
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produce  chemical  action.  Silver  salts  are  affected  most  by  the 
ultra-violet  rays,  while  it  is  the  yellow  light  which  i;3  the  chief 
agent  iu  the  niaimfacture  of  starch  in  the  leaves  of  plants. 

The  applications  of  the  chemical  action  of  light  in  the  arts  are 
quite  iimitedi  photography  and  certain  bleaching  processes  being 
the  principal  ones.  In  nature,  hoivever,  this  action  is  of  the  great- 
est importance,  Practlcaily  all  o[  the  terrestrial  energj'  available 
Ui  man  corncs  as  radiant  energy  from  the  sun*  The  sun 's  heat  m 
the  general  cause  of  meteorological  phenomena.  Wind  /nd  rain, 
storm  and  flood,  smnmer  heat  and  winter  cold  are  dependent 
upon  the  sun's  thermal  rays.  Sunlight,  on  the  other  hand,  is  the 
eourtre  of  the  potential  chemical  energy  Bt<3red  up  in  the  bodies  of 
plants  and  aniinab  and  in  beds  of  t^oal  and  reservoirs  of  petroleum* 
It  supplies  the  ft>od  of  man  and  beast  and  furnishes  the  fuel  which 
gives  heat  for  our  homes  and  power  for  our  railroads  and  indus- 
trial plants.  Through  the  help  of  light  the  protoplasm  of  the  green 
leaf  is  able  to  decompoise  the  carbon  dioxid  of  the  atmosphere 
and  combine  the  carbtm  with  water  to  make  starch  and  other 
allied  substances,  and  from  these  aU  plant  tissues  are  buHt  up. 


-LlJJ-i.Li    M   f    [   I    I   J-l.  I  LlL 
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Acttnometers* — The  chemical  activity  of  light  is  measured  by 
inmtwUrs,  nf  which  there  are  two  classes,  chemical  and  electric. 
The  hj/€hogcn'Chlmi;n  ndmomeler  used  by  Draper  and  improved 
by  Buuju'u  ami  RoBcoe  h  based  upon  the  action  of  light  upon  a 
mixture  of  hydrogen  and  chlorin.  The  chamber  c,  Fig,  44,  whose 
tower  blackened  half  h  filled  with  water,  contains  a  mLxture  of 
equal  volumes  of  hydrogen  and  chlorin  obtained  by  the  electrolysis 
of  hydfochlorlc  acid.  The  chamber  a  contams  water  and  is  con- 
pteti  with  r  by  the  tube  5,  which  is  furnished  %\ith  a  scale.  When 
[it  m  alloweti  to  fall  upon  the  upper  portion  of  e,  hydrogen  chlorid 
19  forraed*  This  dissolves  in  the  w^ater,  the  volume  of  the  gas  ia 
dimiiiished,  and  the  water  from  a  moves  along  the  tube  h.    The 
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reading  on  the  scale  i&  taken  as  a  measure  of  the  chemical  activity 
of  the  light. 

A  more  convenient  apparatus  is  the  silver-chlorid  actirunneUr,  in 
which  the  amount  of  cliemical  action  is  measured  by  the  degree  of 
blackening  of  pai)cr  'coveri\l  with  silver  chlorid. 

The  electric  actinomder  measures  the  actinic  intensity  by  the 
sirength  of  the  current  induced  by  the  action  of  light.  Becquerel 
used  two  plates  of  silver  coatetl  with  silver  iodid,  immexsed  in  a 
solution  o^common  salt  and  coimocted  with  a  galvanometer.  When 
light  is  allowixl  to  fall  on  one  of  the  plates,  the  silver  iodid  disso- 
ciates, the  iodin  ion  goes*  into  solution,  the  silver  ion  is  deposited 
on  the  plate  as  metallic  silver,  and  the  plate  becomes  charged. 
Tlie  plate  which  has  not  bwMi  exix)sed  to  light  gives  off  silver  ions 
into  the  solution  and  becomes  negatively  charged.  An  electric  cur- 
rent is  thus  produced  whoso  electromotive  force  measured  by  the 
galvanonu^tor  indicates  the  amount  of  photochemical  action. 

Chemical  Equivalent  of  Light. — Light  disappears  when  it  does 
choniical  w(»rk,  and  ii  would  seem  jxKssible  to  determine  its  chemi- 
cal equivaleiit.  C2iiantitative  detenninatioas  of  light  are  very 
diiUcult,  however,  an<l  siiuH*  rays  of  different  wave-lengths  pro- 
duce wi.l(»ly  difTereiit  chemical  effects,  it  is  jwssible  only  to  make 
roui^li  :ii)j)ro\irnations.  Bunsen  antl  Roscoe  passed  the  light  from 
a  -ras  jet  ihronjrii  a  cylind*^  of  chlorin  and  measured  the  loss; 
then  throu^^li  a  cylinder  twice  as  long  filled  with  a  mixture  of 
equal  vohiiiies  of  livdroireii  and  chlorin,  and  found  the  loss  to  be 
much  LTR'ater.  The  difference  of  loss,  which  was  about  one  third 
of  the  radiation,  represented  the  light  which  was  converted  into 
cliemical  ener^ry. 

(l(Mierally  only  a  v(Ty  small  ])ortion  of  the  light  which  falls  upon 
a  sensiiive  substance  is  chemically  active.     Pfeffer  estimated  that 
().()()()( K)()()r):;7  ^ram  of  starcii  was   formed  in  a  square  centimeter 
of  tlie  surface  of  an  oleander  l(\if  ])er  second.     The  heat  of  cor 
bust  ion  of  so  much  starch  is  ().(K)()22  calorie.     The  total  radi; 
energy  received  l)y  a  scpiare  centimeter  on  a  summer  day  is  ab 
0.03  calori<^  per  secon<l.     The  [)lant  leaf,  tlien,  is  able  to  v 
the  formation  of  stan-h  less  than  one  hundredth  part  of  t' 
it  receives. 

Photochemical  Laws. —John   William  Draper  in   184'' 
that  jfhntoclumical  action  vtirits  directly  as  the  intensity  ' 
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He  passed  light  through  a  len^  and  let  it  fall  upon  a  hytlrogen- 
ehlprin  acttnometer.  He  then  cover^l  the  lens  with  sectors  of 
known  angle  and  found  that  the  action  weus  pToportinnal  to  the 
uncovered  niirfaee  of  the  leiis,  Tlie  law  waa  confirmed  in  1862 
by  Hankel  and  by  Buasen  and  Roscoe. 

Bunsen  and  Rciscoo  found  al^}  that  with  a  light  of  given  inten- 
y  ike  tiction  is  projmrtional  iff  ike  time  of  exix>sure. 

These  two  laws  may  B^  comb i tied  into  one  in  the  statementj 
Ihv  pki}t€ck4muml  action  of  light  Vfirifs  as  tht^  produti  of  tkc  intenmty 
of  the  Hgkl  and  tkc  time  during  wluch  tkc  light  acU. 

Photolysis*— Tlie  decomposition  ov  ionissation  of  comjxjuuds  by 
the  action  of  light  m  called  photoljfsis  or  pkotoltftir  dissociation. 

Radioactivity.— There  are  ratiiationK  related  to  light  but  not 
vfeiblc  which  may  \m  iJi/luned  by  elctc trinity  or  may  come  from 
certain  substances.  Tiicse  radiations  |>enetrat-e  bodies  which  are 
iiirpcrvioni^  Ui  light,  aPfect  the  photjographic  plate,  render  certam 
Bulwtances  fluorescent,  and  pr^ent  various  other  interesting 
jjlipoumcna*  Some  of  them  are  of  the  nattire  of  cathode  rays, 
while  others  are  supposed  to  be  pidses  or  ripples  in  ether.  In  vari- 
ous fcjrms  they  are  known  as  Rdntgeti  rayB,  Beapwrel  raySf  aud 
atpha,  hiin.  ixwA  gamnm  radium  rays. 

Rbntgen  Rays.— William  Conrad  Rontj^en  of  the  University 
of  Wiirtzbnrg  in  Bavaria,  in  1S95|  while  studying  the  cathode 
^f^yB  in  a  Crookcs  tube  covered  with  black  paper,  observed  that 
^B  shciet  of  pa|»eF  covered  with  barimu  cyanplatinate  lying  near 
the  tyl>e  became  fla<irescent.  He  inferred  that  rays  similar  to 
light  r&yn  coming  from  the  tube  through  the  black  paper  caused 
the  fluorescence.  Ou  further  investigation  he  found  that  these 
raya  pa«s  through  wood,  leather,  paper,  and  so  forth,  but  that 
metjik  were  more  or  less  opaque  to  them.  Tliey  were  callefl 
X-rwyff  «»r  Riintgen  ra.i/$. 

The  Rimtgen  rayn  originate  where  the  cathode  ray^  strike  a 
«ilid  body  like  the  walb  of  the  glass  tube  or  a  plate  of  meUh  Cath- 
ode my«  are  streams  of  very  i^mall  negatively  electrified  particles 
flying  yfith  great  velocity  from  the  cathode  in  a  vacuous  tube.  If 
thi^y  are  focufv^ed  on  a  piece  of  metal  by  me-ans  of  a  concave  cath- 
I  ode,  the  Ri'jntgen  rays  proceed  from  the  mirface  of  the  metal  and 
K  pam  out  thmugh  the  gla^^.  If  a  fluorescent  screen  be  held  In  the 
I    trade  of  the  rays  and  various  objects  be  interposed,  the  trans- 
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parf:r:f^y  of  trie  nh/r^rt--  to  the  rays  will  be  made  manifest.  Hie 
rays  wore  foun  I  to  :  ••net  rate  mot  belies  but  with  different  de- 
grefr:^  of  ea-rf-.  T}i».-y  jia.-seil  readily  through  wood  and  leather, 
but  '.verr-  abT-oHxri  by  hea\y  metak.  except  in  ver\-  thin  sheets. 
If  a  hanl  U*  Uiifr.ttr^A,  a  .-rha/iow  of  the  bones  is  cast  on  the  screen, 
Jxrf:aii.«f;  the  ray*  {•:i.-.';  readily  through  the  flesh  but  are  stopped 
by  thf  U»rir->.  If  the  .screen  L?  replaced  by  a  photographic  plate, 
a  pK'tiirr*  U  fi>nne<i.  calleii  a  radiograph.  Rontgen  rays  ionize 
gase^  :i'.d  ;in-  imt  n:*frarte»J,  reflected,  nor  polarized. 

Becqtierel  Rays.— Henri  Becquerel  of  Paris  in  1S96  discovered 
that  (:oiii\tttuxvU  «»f  uranium  eniit  in\'isible  rays  which  act  on  the 
jihotosraiihic  {"late,  pa-^s  through  paper,  wood,  leather,  and  thin 
>hrf»r>  of  irieial.  ionize  gase?,  and  are  not  refracted,  reflected,  nor 
]nAiiT\7A'\.  In  1V»S  Ci.  C.  .Schmidt  showeil  that  thorium  com- 
fK)uri'ls  an  in  nwich  the  same  way.  Such  substances  are  said  to 
Ix-  TtifHoariin  ami  tlif  emanations  are  called  Becquerel  rays. 

Radium  Rays. — The  investigations  of  M.  and  Mme.  Curie  of 
PiirL<,  JMLnm  aljffiii  l^OS.  le<l  them  to  conclude  that  radioacti\'ity  is 
an  atoiiiir-  property.  Snme  of  the  compounds  of  uranium  and 
tlioriuMi  wen-  fminfl  Tm  he  more  active  than  the  elements  them- 
.-^elves.  Till-  l«tl  ilicrn  to  hypothec-ate  the  existence  of  a  new  ele- 
rrif-nt  of  ^  mnrh  liiirhcr  ra<lio:ictivity.  They  were  not  able  to  isolate 
tlii^  (l^-riKiit.  wliir-h  they  failed  radium,  hut  obtained  compoimds 
of  it  from  wliirli  tliov  wr-ro  able  to  ascertain  its  properties  and  its 
atomic  wciirlil.  Two  other  radioactive  elements,  polonium  and 
ar-tiiiiuui.  are  .-upprjscd  to  exi^t,  but  have  not  been  separated. 
Ra'linin  pos.-^r'.-^sfs  an  intr'nse  radioactivity,  more  than  1,000,000 
liiiir'-.  ^Tr-MifT  tliari  that  of  uranium. 

The  (•riiaiiation>  from  radium  have  been  investigated  by  Bec^ 
(|U(T('l,  Ilarnsay.von  Schwoidlcr,  Giosel,  Vil lard,  Rutherford,  M.  and 
Mme.  ('iiri(\  jiiid  others.  They  have  l)een  found  to  be  a  mixture 
of  several  kiiuls  «,f  rays  (^f  whieh  three  kinds  predominate  and  are 
eharacteristic-.  These  are  called  by  Rutherford  0/71^0^,  beto-,  and  f 
fjaniffin'Ttn/fi. 

1.  TIm^  a-rays  constitute  the  principal  part  of  the  emanation. 
Tli(\v  have  not  much  penetratinfj  power,  and  are  slightly  deflected 
by  a  ma^rnetic  field  in  a  direi'tion  opposite  that  of  the  cathode  rays, 
They  seem  to  bt»  streams  of  material  particles  or  corpuscleB  charged 
with  i^ositivc  electricity. 
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2.  The  ^-rays  are  more  penetrating  than  the  a-rays,  and  are 
strongly  deflected  in  a  magnetic  field  in  a  direction  opposite  to 


Fig.  46.— Radium  Rats. 


that  of  the  a-rays.  They  are  streams  of  material  particles  charged 
with  negative  electricity,  and  are  probably  identical  with  the  cathode 
rays.  They  are  free  electrons,  the  "corpuscles"  of  Thomsen,  the 
*' satellites"  of  Kelvin. 

3.  The  ;^-rays  are  very  penetrating,  are  not  affected  by  a  mag- 
netic field,  and  are  not  reflected,  refracted,  nor  polarized.  They 
seem  to  be  identical  with  the  Rontgen  rays. 

These  rays  all  act  on  photographic  plates,  illuminate  phos- 
phorescent screens,  and  ionize  gases. 

The  accompanying  figure,  taken  from  a  paper  published  by 
Mme.  Curie  in  the  Chemical  NewSy  will  serve  to  illustrate  the  radium 
rays.  A  bit  of  radium  chlorid  is  placed  in  a  cavity  in  a  block  of 
lead.  A  sheaf  of  rays  shoots  upward  from  the  cavity.  If  a  strong 
magnetic  field  be  established  near  the  receptacle,  perpendicular  to 
the  plane  of  the  paper  and  toward  the  back,  the  three  kinds  of 
rays  will  be  separated.  The  heavy,  positive  a-rays  will  be  slightly 
deflected  to  the  left;  the  negative  /9-rays  will  be  strongly  deflected 
in  circles  to  the  right;  and  the  penetrating  ^-rays  will  pass  directly 
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upward  unchanged.  If  a  photographic  plate  or  a  barium  eyaa- 
platinate  screen  is  placed  under  the  receptacle,  the  part  will  be 
affected  where  the  ^-rays  falL  If  the  receptacle  is  covered  with  a 
thinsheet  of  aluminum,  thenf-rays  are  almost  suppressed^  the^-rays 
are  lessened,  and  the  prays  are  scarcely  diminished  in  intensity. 

Theory  of  Radioactivity,— In  1903  Rutherford  andSoddy  pro- 
posed the  theory  of  atomic  disintegration  as  an  explanation  of 
radioactivity*  In  the  same  year  Ramsay  and  Soddy  actually  ob- 
taine<l  helium  from  radium  bromid  and  identified  it  by  itsspeetruoL 
According  to  the  hypothesis  of  J.  J.  Thomson,  the  atom  consista 
of  numerous  moving  particles  held  together  by  their  mutual 
forces.  In  complex  atoms  these  particles  may  acquire  such 
kinetic  energy  as  to  cause  them  to  escape.  The  radium  em  ana- 
tiona  are  supposed  to  be  of  this  character.  The  alpha  emana- 
tions are  positively  charged  particles  t\iice  as  heavy  as  the 
hydrogen  atoms,  and  are  easily  changed  into  heUum,  The  beta 
emanations  are  negatively  charged  particles  one  thousandth  the 
weight  of  the  hydrogen  atom.  The  escape  of  these  particles  is 
accompanied  by  the  development  of  great  energy.  The  quan- 
tities of  material  lost  and  energy  evolved  has  been  computed. 
Some  of  the  estimates  are  as  follows; 

One  gram  of  radium  loses  one  half  a  mitligram  in  alpha  rays 
and  less  than  one  thousandth  iis  much  in  beta  rays  in  a  year. 
It  will  lose  half  its  weight  in  1500  years.  Uranium  and  thorium 
change  about  one  millionth  as  fast. 

One  gram  of  radium  gives  nut  100  calories  of  heat  per  hour. 
Its  total  heat  emission  i^  about  4x10^  calories,  which  is  a 
million  times  as  great  as  that  of  any  chemical  action. 

Electrons. — The  term  electron  is  applied  to  the  beta  particle. 
It  is  also  used  to  represent  the  hypothetical  atom  of  elect ricityp 
and  the  unit  electric  charge*  Recent  investigations  have  »hown 
it  to  posses  many  curious  properties^  among  which  are  the 
following: 

L  It  carries  an  electric  charge  of  3  X  ID"*'*  electrostatic  units. 

2.  Its  hnear  dimension  is  about  the  one  hundred  thousandth  that 
of  an  atom»  the  latter  being  the  one  ten  millionth  of  a  millimeter. 

3.  Its  mean  velocity  is  about  one  tenth  that  of  light. 

4.  The  electrons  which  are  supposed  to  constitute  the  atom  are 
comparatively  far  apart^  their  size  and  distance  from  one  another 
being  comparable  to  that  of  the  planets  in  the  solar  system. 


CHAPTER  XIV. 
ELECTROCHEMISTRY. 

Electricity  and  Chemical  Action. — Chemical  action  in  the  bat- 
ter>'-cell  gives  rise  to  the  electric  current,  and  the  electric  current 
may  be  made  to  bring  about  an  endless  variety  of  chemical  actions. 
A  few  years  ago  the  center  of  interest  was  in  the  first  transforma- 
tion, since  the  battery  was  then  the  most  important  source  of 
electricity.  Now,  since  electricity  can  be  produced  in  unlimited 
quantities  by  means  of  the  dynamo,  the  application  of  electric 
energy  to  chemical  operations  on  a  lai^e  scale  is  attracting  the 
attention  of  the  worid.  Furthermore,  the  study  of  electrochemical 
phenomena  has  led  to  some  of  the  most  important  discoveries 
of  recent  years,  has  brought  about  a  new  view  of  chemical 
actions,  and  has  caused  a  revision  of  chemical  theories.  The 
study  of  electricity  in  its  relationship  to  chemistry  is  called  electro- 
chemistry. 

Conductors  of  Electricity. — ^There  are  two  classes  of  conductors 
of  electricity,  conductors  proper  and  electrolytes.  In  the  first  class 
the  electric  current  produces  no  apparent  change  in  the  conductor 
except  a  rise  of  temperature.  This  change  follows  the  law  of  Joule, 
which  may  be  stated  thus :  The  quantity  of  heat  produced  by  a  current 
passin/j  through  a  conductor  i^  proportional  to  the  square  of  the  current 
if  the  resistance  is  constant,  and  to  the  remstance  if  the  current  is  con- 
stant.  This  law  is  empirical,  but  may  be  mathematically  deduced. 
If  electric  energy,  which  Ls  cv  =  coulombs X volts,  is  changed  into 
heat,  h  representing  the  heat  in  calories,  we  have  h=cv.  But 
r=cr= current  Xremstance;  and  hence,  h=^rc^. 

Metals,  alloys,  carbon,  and  some  other  substances  belong  to 
the  first  class  of  conductors.  There  is  the  widest  difference  between 
the  conductivities  of  different  substances  of  this  class.  Metals  are 
good  conductors,  while  water,  glass,  wax,  and  rubber  offer  great 
resistance  to  the  passage  of  the  current.    The  ratio  of  the  con- 
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ductivities  of  the  best  and  poorest  conductors  is  about  lO**  to  1. 
It  should  be  remembered  that  conductivity  and  resistance  are 
reciprocals  the  one  of  the  other. 

Conduct*  >rs  of  the  second  class  are  decomposed  as  the  current 
passes  through  them,  and  hence  the  name  clectrolntej  from  eiectro 
and  lutoSf  a  loosing. 

Electrolysis. — Chemical  decomposition  effected  by  the  electric 
current  is  called  ilectrolysU.  The  action  may  be  explained  in  the 
following  way:  The  pasitive  ions  in  contact  \rith  the  n^ative 
electrode  lose  their  charge  to  the  electrode,  neutralizing  an  equal 
amount  of  negative  electricity  and  pass  to  the  molecular  state. 
So  also  the  negative  ions  in  contact  with  the  positive  electrode 
lose  their  charge  and  are  separated  in  the  molecular  condition. 
The  electric  potential  at  the  electrodes  is  thus  lowered  and  the 
current  is  diminished  by  an  amount  equal  to  the  charges  given 
up  by  the  ions.  As  the  ions  are  removed  they  are  replaced  by 
further  dissociation  of  the  solute. 

In  the  electrolysis  of  water  and  of  acids  hydrogen  is  set  free 
at  the  cathode  and  oxygen  at  the  anode.  The  acid  radical  or  ion 
loshig  its  charge  at  the  aiKxle  acts  uix)n  the  water  present,  taking 
the  hydrogen  to  become  tlie  acid  again  and  setting  oxygen  free. 
In  the  electrolysis  (»f  salts  the  metal  goes  to  the  cathode  and 
the  arid  radical  is  disposed  t>f  as  above.  If  the  metal  is  one  which 
can  (lecninposo  water  the  hytlroxid  will  be  formed  and  hydrogen 
will  ho  set  free.  In  the  electrolysis  of  bases  the  metal  at  the 
catliodo  acts  u])(>n  water  to  restore  the  base,  liberating  hydrogen, 
and  the  liydroxyls  at  the  anode  form  water  and  ox>'gen. 

The  Law  of  Faraday. — Investigations  made  in  1S33  by  Michael 
I'araday.  an  l-jiglish  i»liysicist.  led  him  to  certain  conclusions  in 
regard  tn  electrical  action  which  arc  known  as  the  law  of  Faraday. 
He  made  tw»^  generalizations  which  are  of  the  greatest  importance 
in  elect rnchen list r}-.     Tluy  may  be  stated  as  folkrws:  • 

1.  Til',  (imtnint  nf  fhcoinpn,iiition  iffrctcd  in  an  electrolyte  w  pro- 
jxiTtionuJ  tn  the  (jutnititj/  oj  dictricity  which  jxisscs  through  it, 

'2.  Thr  ntnniints  oj  (lijjcrcnt  rhmvnts  or  iot}S  separated  by  equal 
qwDitifii-^  of  (hrtrirlfj/  arc  jyroportiojwl  to  their  ionic  equivalents. 

The  ionic  equivalent  is  the  weight  of  the  ion  divided  by  its 
valence,  'i'lie  current  which  separat(^  lOS  grams  of  silver  will 
set  fre(^  ;^").  15  grams  of  clilorin,  1  gram  of  hydrogen,  8  grams  of 


oxygen,  23  granis  of  eodiurrt,  32.5  granis  o(  zinc,  62  grams  of  KO^, 
4S  grams  t>f  SL\,  etc. 

Chemieal  Equivalent  of  Electricity*— All  univalent  ions  carry 
the  saiiie  amount  of  electricity*  Bivalent  ions  carry  twice  as 
much,  trivalent  ions  three  times  as  much,  and  so  on.  In  the 
eJectrolysis  of  a  silver  solution  Lord  Rayleigh  and  Mte.  Sidgwick 
found  that  one  coulomb  of  electricity  caused  the  deposition  of 
0.fMU118  gram  of  silver.  The  atomic  weight  of  silver  is  107.93, 
and  therefore  in  order  to  separate  a  gram -atomic  weight  of  silver 
there  would  be  reiiuired  107.93 --0.001118-96,530  coulombs  of 
electricity.  This  amount  of  electricity  is  supposed  to  be  carried 
by  a  gram-eqnivalent  of  each  univalent  ion.  The  ionw  deciro- 
rquii^^nt  h  fhtrvfore  96,530  cmilomb^. 
^^  Electrolytic  Dissociation  or  lom^atioii. — The  partial  decom- 
^position  oi  mnlecuJps  into  electrically  charged  ions  is  called  etec- 
troliftk  dissociation  or  ionization.  As  early  as  1856,  R,  J,  E. 
Claudius »  a  rierman  phygicist*  in  order  to  account  for  the  fact  that 
a  verj*'  weak  electric  current  wiU  decompose  even  stable  electro- 
h^^,  suggested  the  theory  that  the  molecule  of  the  solute  are 
already  broken  down  intxs  ions  under  the  influence  of  the  solvent. 
In  1S87  Svante  Arrheuius,  Professor  ixi  the  rniversity  of  Stock- 
holm«  revivett  this  theor>*  and  startled  investigations  which  devel- 
oped the  present  theory  of  electrolytic  dissociation, 

He4it,  electricity,  light,  and  the  various  forms  of  radiant  eneiigy 
ate  ionizing  agents,  but  a  much  higher  degree  of  dissociation  is 
pnxhicifi  by  the  influence  of  a  solvent  upon  a  solutej  water  being 
tnoet  active  in  this  regard, 

Wilhehn  <!)stwald  of  Leipzig  has  shown  that  ions  may  be 
formeti  in  four  ways: 

K  By   molecular  decomposition   through   an   ionizing   agent, 
BB  when  acids,  bases,  and  salts  are  dissolved  in  water,  or  when 
are  Bubjected  to  radioactive  influence: 

KHO  -  K    -f  my        Ca(HO)j-  Ca"  +  HCT  +  Hcy 

Nan  -Na+Q'  Na.PO,  -Na +Na'  +Na'+PO;", 

2.  By  molecular  fonnation  in  the  presence  of  an  ionizing  agent, 
wlien  chJorin  water  acts  upon  metafe: 

Au+ci,-Au" +ci'+cr+a\ 
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3.  By  transfer  of  electric  charge,  as  when  copper  is  displaced 
from  solution  by  zinc: 

Cu-  ,S0;'  +  Zn  =  Zn-  ,S0/' +Cu. 

4.  By  increase  or  diminution  of  electric  chaiige,  that  is,  by  change 
of  valence,  as  in  oxidation  or  reduction  of  compounds  of  metals: 

Fe-+ci'+cr+a=Fe-+cr+a'+ci'. 

This  ecjuation  is  reversible,  representing  oxidation  as  it  stands 
and  reduction  when  reversed. 

Mass  Action  and  Ions. — Ostwald  proveil  that  ionization  follows 
the  law  of  mass  action.  When  an  acid,  base,  or  salt  is  dissolved 
in  water  a  portion  nf  it  i0ni7.es  and  equilibrium  is  reached  when 
the  osmotic  }>rcssuro  of  the  ions  is  equal  to  the  solution  pressure 
of  the  substance.     In  a  solution  of  common  salt  we  have 

NaCl-Na-fCr     and    kp^k^q',    or    Kp^fff, 

in  whifli  />  is  tho  aolivo  mass  of  the  undissociated  sodium  chlorid 
and  //  and  7'  tho  activi'  masst.^  of  the  ions  Xa*  and  CI'.  K  is 
callcMl  tli(^  lnn{:ntlnfi  constant  and  doponds  ujwn  the  nature  of  the 
s(»lut('.  tin*  tcni|KTatiirt'.  otc.  Osiwald  called  it  the  coefpeieni 
nj  tijjinitif,  hrcausr  in  \hv  rase  t)f  acids  the  larger  the  constant  the 
stroiii^rr  the  acid. 

I'roni  thU  (Mpialinn  thi»  foUowin*;  deductions  may  l>e  made: 

1.  The  larircr  tiic  vahu*  of  A'  ihe  pireatcr  the  dissociation.  Prao- 
ticallv  it  is  hnind  !•»  1»«'  lari^c  fnr  strong  acids  and  strong  bases  and 
f(»r  most  salt-,  whilr  it  is  small  fnr  weak  acids  and  weak  bases. 

•J.  If  the  vahn^  of  K  he  increased  ])y  raising  the  temperature, 
/)  mu<t  diminish,  aiicl  th(T(»fore  Iho  dissociation  must  increase. 
On  ihr  fi.iiirary,  if  the  tempeniture  is  lowercnl,  ihe  dissociation  is 
reduced. 

The  e«iiiati«>n  may  he  thr«»\vn  into  another  form  which  for 
s(»me  j>uriM.s(s  is  more  convenient.  Let  /M»qual  the  volume  of  the 
li(piiil  wiiich  (M)ntains  a  mol.of  tlie  solute,  and  a  the  percentage  of 

dissociation;    th(Mi         -    i<   tho  amount  undissociated   and  —  is 

V  V 
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the  amount  of  either  ion,  and  the  equation  becomes 
Xiz^=£!     or     X=:     "' 


V       v^  {\—a)v 

From  this  expression  for  K  it  appears  that  as  the  volume  of 
the  solution  increases  the  [Percentage  of  dissociation  must  increase, 
and  that  the  dissociation  is  reduced  when  the. volume  is  dimin- 
ished.   This  is  the  dUulion  law  of  Ostwald. 

This  law  holds  good  for  weak  acids  and  weak  bases,  but  for 
reasons  not  explained  good  electrolytes  do  not  follow  it  closely. 
Max  Rudolphi  suggested  the  substitution  of  x/iTfor  r,  and 


{l-a)y/v' 


which  is  called  Rvdolphi's  dUiUion  formula,  gives  results  which 
are  practically  constant.  Using  ammonium  chlorid  he  found  the 
following: 


17.   .  . 

a. . . 
K... 

.         10 

.  0.852 
.  1.55 

20 
0.887 
1.56 

100 
0.940 
1.47 

500 
0.971 
1.46 

1000 

0.979 
1.47 

5000 
0.991 
1.51 

Qn't 

Hnff     r 

\mr»nsAH 

fVi*»     rlili 

i+inn      fni 

rmiiln       J 

r-      «* 

(l-a)Vr, 
which  gives  values  as  nearly  constant  as  those  obtained  from 
Rudolphi 's  formula. 

The  formula  for  the  ionization  constant  is  of  great  import  in 
analytical  chemistry.  It  gives  a  rational  explanation  of  many 
pecuUar  actions.  If  to  a  solution  ions  be  added  which  are  like 
those  present,  the  equilibrium  will  be  disturbed,  some  of  the  ions 
will  be  driven  back  into  combination,  and  the  dissociation  of  the 
solute  will  be  diminished.  If,  for  example,  hydrogen  chlorid  be 
added  to  a  saturated  solution  of  common  salt,  the  excess  of  chlorin 
ions  increases  the  product  pV  ^^^  compels  an  increase  in  p,  more 
molecular  NaCl  is  formed,  and,  since  the  solution  is  saturated,  it 
precipitates.  So  in  many  chemical  reactions  precipitation  will 
bo  more  complete  when  a  substance  is  added  which  contains  one  of 
the  ions  which  enters  the  precipitated  substance.  This  principle 
finds  wide  application  in  both  qualitative  and  quantitative  analysis. 
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Ionization  and  Chemical  Activity. — It  is  a  fact  that  those 
ci>!i<:itii'K>  whirii  are  iii«»T  fav4irable  to  ionization  are  the  ones 
wiiich  l»t>t  iii'.iike  tht-nutal  action,  viz.,  solution ,  fusion,  vaporiza- 
linii.  i!.e  I»rt•^t•llL•e  of  aciil.  ba.<e  nr  salt,  etc.  It  is  also  a  fact  that 
a.-!"  a  nile  ii*<'Riu1c-s  are  qiiiic  inactive.  Phosphorus  does  not  bum 
ill  \\iy  <»xygen.  ihii-riii  ami  n-dium  perfectly  diy  do  not  unite,  diy 
hydnigeii  ciiltTid  \\km^  not  decompose  carbonates  nor  imite  with 
dn'  anuimnia.  and  metallic  ^^odiimi  may  be  immersed  in  anhydrous 
sulfuric  acid  without  action.  In  all  these  cases  the  presence  of 
nmkture  iiuhice:?  vigorous  action.  A  safe  inference  from  these 
fact.*"  Ls  that  chemical  action  L;:  mainly  due  to  ions  and  that  sub- 
:=tances  in  the  molecular  condition  resist  chemical  change. 

Migration  of  Ions.— It  has  been  shown  that  in  -  electroIysiB 
then*  L<  a  nn)vemeni  of  the  ions,  the  positive  towards  the  negative 
electr.itle  an«l  the  negative  towards  the  positive  electrode.  If#» 
(oj^per  sulfate  solution  is  electndyzed  between  copper  electiDdeB, 
(-<>]>|ior  L<  de])ositeil  at  the  cathode  and  dissolved  at  the  anode. 
T!ie  color  at  the  ancule  htH'omes  deeper,  showing  an  increase  of 
CMiu-entration.  while  the  color  at  the  cathode  fades,  showing  a 
(liTuinutii'U  « f  concentration.  There  is  a  migration  of  the  copper 
i'us  fn-in  tlie  aimtlo  to  the  cathode,  and  in  the  same  waj'  the 
sulfate  i*'n  travels  t« -wards  the  amxle.  The  change  of  concentrsr 
ii«>n  is  explained  In-  the  ihfmr}'  of  Jolm  Wilhelm  Hittorf,  a  Ge^ 
man  i^hysirl-t.  ou  ilic  supposition  that  different  ions  travel  with 
<litTorenr  vol<Kitif'>.  Tliis  will  be  understood  from  the  accompany- 
iuir  <liai:rani>.  in  whii-h  the  plus  sigiLs  represent  positive  ions  and 
the  mini;-  >i.i;ns  ncL'ative  iuns: 

D 

A.  Cath.xle,  ZZZ.1L    1L   1L   1L   t.  Anode. 

B.  Cathode.  '^'^LZI.ILILIL Anoda 

C.  C'atluxlo.     '^    "^    ^    Z.    "Z    t.     1L   1L Anode 

The  cliM'trolytic  cell  is  divided  by  an  imaginary  porous  parti- 
li  '11  into  TWO  tnmjKirtmcnts,  the  one  containing  the  cathode  and 
t::c  oiht'r  the  aniMK\  In  .1  the  concentration  is  imiform,  four 
]M.sitivr  and  fni:r  ncirative  ion*^,  or  four  molecules,  being  shown 
on  each  side  of  tin'  ]»artitio!i  I).  If  on  passing  a  current  of  elec- 
vicity  the  ions  travel  witii  equal  velocities,  the  condition  is  shown 
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in  B  when  wo  ions  have  pas&ed  the  partition.  The  concentration 
still  remaim  uniform  thoiigb  it  hag  been  reduced  from  four  to 
ree  muleculai  in  each  conipartnient.  If  the  ions  travel  with 
erent  vek^cities,  say  the  piKsitive  ti^'ife  as  fast  as  the  negative, 
iJV'e  shall  have,  when  three  paii^  of  ions  have  been  discharged, 
ihe  contiitjoa  in  C,  The  concentration  on  the  cathode  side  has 
been  t^luceil  fmm  four  to  three,  while  that  on  the  anode  side  has 
fallen  fmm  four  to  two,  Tlie  loss  uf  cnncentration  Ls  seen  tii  l:)e  pro- 
jH»rtioiial  to  the  velocity  of  the  ion  leaving  the  compartment; 
that  iSt 

il  Loss  at  anode      Velocity  of  cation  _  u 

I  Iajj5s  at  cathode     Velocity  of  anion     v  * 

det 
cei! 
t 


Relative  Velocities  of  Ions,^The  above  e<:piation  enables  us  to 
detcniiine  tlie  relative  velocities  of  the  ions  when  the  original  con- 
centration is  known  and  the  loss  at  the  anode  and  cathode  for  a 
H'en  current  has  been  detennined.  The  investigations  of  Hit- 
rf  and  others  seem  to  establish  the  follr/^'ing  laws : 

L  The  relative  velocities  of  the  ions  are  independent  of  the  cur- 
rent strength, 

2.  The  miin-ation  velocity  of  the  cation  sometimes  increases  and 
methnesi  diminishes  with  the  dilution  until  a  certain  dOation  is 
mw*hed,  wlien  it  remains  constant. 

3*  Between  4*^  and  2(P  the  effect  of  change  of  temperature  is 
small;  but  Lob  and  Nernst  have  shown  that  as  the  temperature 
rises  the  relati%e  velocities  uf  all  ions  approach  the  same  value,  0.5. 

Conducti^ty  of  Solutions. — llie  electric  current  Is  conveyed  inr 
Boluiimi^  by  the  migrating  ions.  If  both  ions  move,  they  share 
the  transport;  if  only  one  moves,  it  carrifti  the  whole  of  the  elec- 
Inriiy,  If  one  moves  faster  than  the  other,  it  carries  electricity  in 
prtiportion  to  its  %^locity.     K  u  and  v  are  the  velocities  of  the  cation 

^Ktid  anion  respetdively,  ^^^-^^  is  the  part  of  the  currejit  carried  by 

It 


IB  the  part  carried  by  the  latter.    These  are 


fonner,  and  — — 

be  tran^pGri  numbers  of  Hittorf*  In  an  example  given  by  Walker, 
ilic  current  which  deposited  32.2  miUigrams  of  silver  in  the  silver 
voltameter  wa«  passed  thrntigh  the  electrolytic  cell  and  caused  a 
fall  t>f  concentration  at  the  cathode  which  corresponded  to  16,8 
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niilli^am?  of  .silver.  The  rise  at  the  anrxle  was  the  same,  because 
the  total  silver  nitrate  in  the  .solution  remained  unchanged.  Had 
no  silver  i<^ns  migrated  from  the  anode,  the  rise  would  have 
l>een  32.2.  and  hence  the  fall  due  to  migration  of  the  cations  was 
32.2  -16.>i=  15.4.    We  liave  then  for  the  relative  vdocitiea 

«=|2i=0.917. 

and  for  the  transport  numbers 

u        15.4     ..  _  .  ,        r        16.8     ^  -,^ 

=;j:7:t  =  ^^.4j.s     and      ——--—-=0.522. 

M-r'-     32.2  u+v    32.2 

Specific  Conductivity. — ^The  oonductivity  of  a  solution  must  be 
statcri  with  reference  to  some  standard  form.  The  form  most  con- 
venient i."<  a  cube  of  the  .solution  at  0^  ^\^th  an  edge  equal  to  1  centi- 
meter. Tlu'  n^istance  of  such  a  cube  in  ohms  is  called  the  specific 
refiiManrt\  and  the  Reciprocal  of  this  is  the  specific  amdudivity. 

Another  form  used  is  a  cylinder  of  the  solution  1  meter  long 
an<l  1  s(juare  millimeter  or  0.01  scjuare  centimeter  in  cross-sec- 
tion, as  conij>ared  \viih  a  similar  cf»lunm  of  mercury  at  0°.  This 
is  r-allr-d  tlie  Sicmtus  unit,  and  is  converted  into  ohms  by  dividing 
it  l)y  1  .n6.'^.  Since  condurtivity  is  proportional  directly  to  cross- 
sect  imi  and  inversely  to  lenirth.  the  first  uiut  is  10,000  tunes  as 
larj:;e  :is  the  second: 

Molecular  Conductivity.— Since  water  is  practically  a  non-con- 
<luctnr,  tlie  eniidiictivity  (if  a  solution  will  depend  upon  the  elec- 
trolyte. In  order  that  tlie  conductivities  of  different  solutions 
may  Ix'  conij>ared.  it  is  necessary  to  use  comparable  quantities  of 
the  solute.  The  (]uantity  iimst  convenient  is  the  gram-molecular 
weiirhl  or  tli(r  «rrani-eijuivalent  weight.  The  conductivity  of  a 
dilution  c()ntainin<!:  a  niol  of  the  solute  and  placed  between  elec- 
tro les  1  centimeter  a])art  and  lar^c  enough  to  contain  between 
i1m  nj  the  wliole  of  tlie  s(»lution  is  called  the  niolecular  conductivity. 
Since  lluj  s])ecific  conductivity  is  taken  with  reference  to  1  cc.  the 
molecular  conductivity  Avill  be  c'lual  to  the  specific  conductivity 
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multiplied  by  the  volume  of  the  solution  in  cubic  centimeters.  If 
m  equals  the  molecular  conductivity,  v  the  volume  in  cubic  centi- 
meters, ancf  8  the  specific  conductivity,  then 

m  =  V8, 

In  a  normal  solution,  which  contains  1  mol  to  1000  cc.,m=1000  «. 
If  s  is  the  specific  conductivity,  taken  with  reference  to  a  column 
1  meter  in  length  and  1  square  millimeter  in  section,- then  w=» 
10,000  V8. 

The  equivalent  conductivity  is  that  referred  to  a  solution  contain- 
ing 1  ecjuivalent  instead  of  1  mol. 

Conductivity  Measurements. — Conductivity  measurements  are 
best  made  according  to  a  method  devised  by  Friedrich  Kohlrausch, 


Fig.  46. — Conductivity  Measurement. 


a  German  physicist,  which  is  illustrated  in  the  accompanying 
diagram.  The  solution  is  placed  in  the  electrolytic  cell  r  with  elec- 
trodes of  platinum  covered  with  platinum  black.  72  is  a  rheostat 
or  WTieatstone  bridge  for  measuring  resistance,  ^  is  a  battery  con- 
nected with  a  small  coil  i  which  furnishes  an  alternating  current,  ab 
is  a  meter  measure  along  whicli  lies  a  wire  of  j)latinum  or  manga- 
nine  (alloy  of  (lorman  silver  and  manganese),  f  is  a  telephone 
receiver  connected  with  the  circuit  at  d  between  the  rheostat  anj 
the  electrolytic  cell  and  with  the  ])latinuni  wire  by  a  slidnig  con- 
tact c.  The  current  passes  through  the  wire  a6,  and  through  tlie 
rheostat  R  and  the  electrolyte  r  in  the  circuit  aJ6,  and  also  through 
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the  telephone  circuit  die,  causing  the  hum  of  the  induction  coil  to 
be  heard  in  the  teleplione.  When  on  moving  the  slide  c  the  dis- 
tance uc  is  to  the  distance  ch  jis  the  resistance  at  /2  is  to  the  resist- 
ance  at  r,  no  current  passes  thnuigh  dc  and  the  telephone  becomeB 
silent.  We  then  have,  if  ac=x,  cb  =  y,  ft = the  resistance  in  the 
rheostat,  and  r=the  resistance  in  the  cell, 

rx=Ry    and    r=  --. 

X 

But  the  conductivity  c  Is  the  reciprocal  of  the  resistance  and 

_  X 

Tliis  would  be  the  s]>ecific  resistance  if  the  electrodes  had  an 
area  of  1  s(|uarc  centimeter  and  were  1  centimeter  apart.  If  they 
were  not  so  arranged,  a  constant  K  must  be  determined  for  the 
cell  and  the  value  becomes 

Kx 

Vi^r  niolociilar  (ondurtivily  wo  have,  r  being  the  volume  in  cubic 

ccntinieters  which  contains  one  niol  of  the  solute, 

Kvx 

Conductivity  and  Dilution. — It  has  been  found  that  the  con- 

(liiciivity  <)f  M  s()luli(»ii  iiirrcases  with  dilution  up  to  a  certain 
limit,  when  it  bocuiiios  constant.  This  limit  is  rather  improperly. 
cnllril  infui'tr  th'lution,  a  tenn  which  simply  means  that  dilution 
which  gives  the  nniximum  tnohculnr  coudiwtivity.  This  is  illus- 
trated by  ihc  following  tnbl(\.  in  which  is  given  the  molecular 
conductivity  of  hydrochloric  acid  for  various  volumes  containing 
1   mol  of  lid: 


V(.l.  i:i  liters 

1 

10 

100 

1000 

10,000 

M<.)1.  (•<in:hi(.-tivity 

278 

.T24.4 

341.6 

345.5 

345.5 

The  molecular  conductivity  becomes  a  maximum  in  good  con- 
ductors at  a  dilution  of  from  1000  to  10,000  Uters. 
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The  maximum  molecular  conductivity  can  be  measured  in 
Bimng  acid  and  strong  bases  and  in  salts,  but  in  weak  acid^  and 
in  weak  hme^  tlie  dilution  required  for  cotnplcte  dissociation  is 
so  great  that  the  direct  determination  is  not  practicable.  It  can, 
however,  be  indirectly  estimated  by  applying  the  law  of  Kohl- 
rau^ch  (see  next  paragraph).  A  salt  of  the  acid  h  formed  an*l 
its  maximum  molecular  conductivity  determine*],  from  this  Is 
subtracted  the  known  constant  for  the  metal ;  the  remainder  is  the 
constant  ft>r  the  acid  ion.  To  this  is  atkled  the  constant  for  the 
hviimgen  ion  and  the  sum  will  be  the  constant  for  the  acid.  For 
example,  the  dii^sociation  of  formic  acid  at  25*^  in  a  solution  one 
tliousandth  nonnal  is  only  35  per  cent,  but  its  Sfxlinm  salt  is  com- 
pletely dissociated  at  moderate  dilation.  The  maximum  molec- 
ular conductivity  of  sodium  foimate  at  25^  is  99.2,  Ostwald 
found  the  constant  for  sodium  to  be  '49.2  and  that  for  hydrogen 

be  325.  Tlic  constant  for  formic  acid  \v4U  therefore  be 
1-2-49,2  +  325-^375. 

Independent  Migration  of  Ions,— Law  of  Kohlrau^wL — Kohl- 
mmeh  tibscnpil  ilmt  the  difTereiice  between  the  molecular  con- 
ductivitieft  of  two  electrolytes  having  a  common  anion  and  differ- 
ent cations  is  the  same  as  tlie  difference  between  the  molecidar 
jonduttivitic^  of  two  other  eJectmlyt^  having  anothei^  common 

on  and  the  same  cations  as  before: 

m«KCl    -77i*.Na01    =140-120=20. 
m^KNO»-m^NaNO^=  135  J- 113.7=22, 

Th**  imme  Ib  true  for  common  cations; 

m^KBr  -m^KNO,  -141-'121=2a 
m^NaBr-m«NaNO4=120-  98-22, 

Tlie  dMerence  between  these  numbers  does  not  exceed  the  ex* 
pcrinient^l  ern^m,  m«  is  the  molecular  conductivity  at  infinite 
dilution, 

Fmm  these  facte  Kohlransch  arrived  at  the  conclusion  that 
ike  moUrrthr  cmidudintijf  i^  the  Bum  of  (uv>  mnstants,  the  one  depend- 
taU  updn  (ftr  anhn  and  the  other  upon  the  cation.  Since  conductivity 
is  ineo-sured  by  the  veiocities  of  the  lom,  these  constants  i^ill  be 
proportional  to  these  velocities  and 
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u  depending  upon  the  cation  and  r  upon  the  anion.  Therefore 
the  velocity  oj  any  ion  as  well  as  its  amductiviiy  is  independent  of 
other  ions  prcstfit  mth  it  in  the  solution.  This  is  the  law  of  Kohl" 
rausch  or  the  laiv  of  indejiendcnt  migration  of  ions. 

Ostwald  has  shown  that  the  law  holds  good  for  anj'  dihition 
provideil  we  take  into  consideration  the  d^ree  of  dissociation. 
If  a  represents  the  percentage  of  dissociation,  the  equation  becomes 

7n^,  =  a(u-\-v). 

As  the  dksociation  increases,  tlie  value  of  a  approaches  unity, 
which  it  becomes  at  infinite  dilution. 

Actual  Velocity  of  Ions. — The  actual  velocity  of  ions  may  be 
detemiiiUHl  experimentally.  For  this  purpose  Sir  Oliver  Joseph 
liodge.  an  Engli^^h  phy^sicLst.  us?c<l  a  long  tube  which  contained 
the  olectn)lyte  alon*:  with  an  indicator.  The  rate  at  which  the 
color  in  the  indicator  travels  al(»ng  the  tube,  corrected  for  diffusion 
of  tlu*  liciuids,  Is  th(»  rat(»  of  nuivement  of  the  ions.  With  a  dif- 
ference of  potential  of  1  volt  i)e»r  centimeter,  Lodge  found  the 
velocity  of  the  hydrogen  ion  to  be  0.(X)26  centimeter  a  second, 
or  1  centimeter 'in  alxnit  sl\  and  a  half  hours. 

Th(»  surprisiii<rly  slow  movc^ment  of  the  ions  through  water  is 
no  doubt  duo  to  tlio  enormous  resL^tance  witJi  which  they  meet 
on  account  of  fricti(»n.  It  luis  been  calculated  that  the  force 
HMjuinMl  to  drive  1  ^nmi  of  hydrotren  ions  through  water  at  the 
Tiiiv  nf  1   centimeter  a  second  is  wjual  to  300,000  tons  weight. 

The  actual  velocities  nf  the  inns  may  be  computed  as  follows: 
The  cnnductivity  or  sum  of  the  velocities  w+v  is  found  at  infinite 

dilution,  anil   the  relative  velocities  7  are  obtained  by  Hittorf 's 

methofl,  then  by  a  sim])lo  algebraic  pnK*ess  the  values  of  u  and 
V  are  fountl. 

Tlie  velocities  of  a  number  of  ions  as  determined  by  Kohl- 
rausch   are  as  follows: 

Cntionr-.  Cm.  per  pocond.       Anions.  Cm.  per  neoond. 

Ily«lr(ii^cn 0.00320       Ilydroxyl 0.001^ 

l^>tMs>iuni ()()(M)rMi       Chlorin 0.00069 

Sxlium 0.()0()i5       lodiii 0.00069 

Aininoiiiuin O.fKMMMi       NO., 0.00064 

Silver 0.0(M)57       C\6^ 0.00067 
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Conductivity  and  Dissociation.— Since  in  electrolyte  the  cur- 
rent is  conduc^^d  through  the  Ions,  the  conductivity  will  be  zero 
when  there  is  no  dksociaUon,  If  the  dissociation  is  complete  the 
cuiiiluetivity  will  reacli  a  maximum.  Conductivity  ^  therefore, 
varies  with  the  disf^ociation  and  becomes  a  means  of  measuring 
it.  The  percentage  of  dissociatinn  is  obtained  by  dividing  the 
moleciJar  conductivity  for  any  given  dilution  by  the  maximum 
conductivity,  or  the  conductivity  at  infinite  dilution.  If  d  is  the 
dissociatioQ  we  have 


d- 


The  fnl]tiu*ing  table  gives  the  percentage  of  disso<^iation  of  a  few 
mibstances  in  normali  decinormal,  centinomial,  and  millinonnal 
aolutions: 


titam 

Ha 

N»€l 

HsSO* 

KJfO 

NH^OH 

1 

81 

70 

45 

80 

2 

10 

94 

84 

60 

m 

5 

100 

99 

94 

SO 

99 

13 

1000 

100 

98 

97 

100 

20 

Dissociating  Power  of  Solvents* — Water  k  the  most  powerful 
diasociant  known.  The  study  of  other  liquids  Is  difficult  because 
of  the  great  dilution  rec|uired  for  cumplete  disstwiation  in  them. 
Much  work,  however^  hm  been  done  along  this  line.  The  follow- 
ing htjuidy  have  a  dissociating  power  abttut  in  the  order  in  which 
they  are  mentionetl:  Formic  acid  (three  fourths  that  of  water), 
miric  acid  and  methyl  alcohol  (two  thirds  that  of  water),  ethyl 

Erohol  (one  thir*!  that  of  water),  ammonia  (one  fourth  that  of 
ater),  sulfumus  oxitl,  acetone,  etc. 
Ionization  of  Fused  Substances. — Many   snib^itances   become 
inductors  as   the  temperature   rises,  and   at   the  melting-point 
WBesB  such  conductivity  as  to  indicate  that  they  are  quite  highly 
"]Ciiiiied«    Such  substances  untlergo  electrolysis,  and  many  metala 
may  \m  preptirtxl  in  this  way. 

Electrolytic  Solution  Tension.— The  idea  of  electrolytic  solu- 
tion tension  is  due  to  Walther  Nemst,  When  *a  metal  is  im- 
merH^l  hi  wMter^  some  of  iU  atoms  wit!  pass  into  solution  as  po^Ji- 
tive  ion«,  taking  their  electric  charge  from  the  metal  and  thus  ren^ 
deling  it  negative.  The  attraction  between  the  positively  chained 
iona  an«l  the  negatively  chaffed  metal  cause;^  the  formation  at 


^^ 
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the  surface  of  the  metal  of  the  so-called  double  layer  of  Helm- 
holtz,  anil  a  difference  of  potential  arises.  The  tendency  of  the 
metal  to  go  into  solution  is  called  its  electrolytic  &oliUion  tension, 
and  equilibrium  is  established  when  this  tension  is  equal  to  the 
osmotic  pressure  of  the  ions. 

When  a  metal  Is  immersed  in  a  solution  of  one  of  its  salts,  the 
same  thing  occurs,  but  since  the  solution  already  contains  the 
ions  of  the  metal,  fewer  ioas  will  be  separated  and  equilibrium 
will  sooner  be  reached.  If  a  positive  charge  is  given  to  the  metal, 
more  ioiLs  will  go  into  solution.  It  is  ujKin  this  principle  that 
electroplating  is  effectetl.  If  the  positive  electrode  is  copper,  the 
curront  forces  copper  ions  into  solution,  and  these,  coming  into 
contact  with  the  negative  electrode,  are  relieved  of  their  charge 
and  deposited  as  cop])er. 

The  electrolytic  solution  tension  has  been  determined  for  the 
principal  metals  and  lia-s  been  found  .to  exhibit  enormous  differ- 
ences in  value.  Such  nietaLs  as  magnesium,  zinc,  aluminum, 
cadmium,  iron,  and  cobalt  are  negative  when  in  contact  with 
soUitioiis  of  their  sal  Us.  This  melius  that  their  solution  tension  is 
groator  than  the  osmotic  pressure  of  the  metal  ions  in  the  solution, 
(lold,  (M)pper,  silv(»r,  niorcury,  and  le^d  are  positive  in  solutions  of 
their  salts;  that  is,  their  sohition  tension  is  less  than  the  osmotic 
pressure  of  tlie  metal  ions.  In  the  following  table  is  given  the 
eleetrolytic  solution  tensions  of  various  metals  in  normal  solutions 
of  th(ur  salts,  the  value  of  the  osmotic  pressure  of  the  metal  ions 
being  taken  as  22  atmospheres. 

Metal.                             Atin'Mphorei*.      Metal.  Aunoflpherei. 

Magnosium 10**        Nickel 10** 

Zinc 10'"        Lead 10-« 

Aluminum 10'*        Mercury lO"" 

Cadmium 3X 10'  Silver 10"" 

Iron 10*         Copper lO""'* 

Cobalt 2X10 

Tliis   is  called  the  electrolytic   tcn.swn  series  of   metals. 
metal  will  have  a  ttindcncy  to  displace  from  solution  any  on 
it  in  the  series.    Tlie  precipitation  of  gold,  silver,  and  cop 
their  solution  by  zinc  is  a  familiar  action. 


CHAPTER  XV, 

CHEMICAL  CALCULATIOKa 

Basis  of  Calculations. — Since  symbols  and  formulas  represent 
de^uite  quantities,  sinae  reftctioos  take  pla«e  between  deiinit^ 
loasBas  and  Toluniee,  and  since  eqttatmns  represent  these  reactions^ 
it  foDowg  tbat  symbols,  formulas,  and  equations  furnish  the  data 
lor  all  sorts  of  chemioal  calculations.  These  usually  involve  only 
Btjuple  arithmetical  operations  and  are  of  two  kinds,  those  based 
upon  weight  or  mass  and  those  based  upon  volume. 


WEIGHT  CALCULATIONS, 

Atomic  Weight* — The  atomic  weight  is  indicated  by  the  symbol 
ftnd  is  to  bcj  taken  from  the  table  of  utomic  weights.  When 
atoma  are  multiplied,  the  atomic  weight  is  multiplied.  0  =  Itt, 
O,  ^SX  lfi=aii. 

Molecular  Weight, — The  molecular  weight  is  found  from  the 
moleeular  formida  by  adding  together  the  atomic  weights.  Care 
mu^  be  taken  to  include  all  the  atoms  found  in  the  formula. 

SO,  ^  32  +  3X10^  80.    Ca(NO,),  =  40  +  2(14  +  3X 16)  =  164, 

Tlie  molcouUr  weight  is  twice  the  density,  and  the  molecular 
formula  niuet  always  represent  this  amount. 

Quantity  of  an  Element  or  Group — Each  element  composes 
80 ch  a  part  of  any  mass  as  its  atomic  weight  is  part  of  the  molec- 
ular weight.  The  molecular  weight  of  PbO  is  21in.  Of  this  207 
is  lead,  or  ||J  of  tho  whole.  One  hundred  kilograms  of  lead  ojtid 
000  tains  |f|  x  100  ^  82.82  kilograms  of  lead. 

A  gi*oijp  is  computed  in  the  same  way*  The  molecular  weight 
of  CaOQj  h  100»  that  of  OaO  is  56,  Ten  grams  of  limestone  will 
titefifield  ^  X  10  ^  5*0  grams  of  lime. 
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Szeiciae.— 1.  How  much  si  Ivor  in  20  grams  of  AgNOt  ?  Ci 

8.  IIow  much  iron  in  100  kilograms  of  F(>iOi  ?  ^ 

3.  How  much  NHs  can  be  obtained  fnmi  50  grams  NH4CI? 

yA^  Percentage  Composition. — The  relative  amounts  of  the  elements 
in  the  luolocule  are  usually  given  as  per  cent.  The  computation 
is  easily  maile  as  follows:  The  molecul;>r  weight  of  Q0,  is  44;  of 
this  12.  is  carbon  and  *yz  oxygen.  Therefore  {|  of  any  amount  of 
CO,  is  C,  and  J  J  is  0.  Tliis  is  made  per  cent  by  multiplying  by 
100  and  performing  the  division :  ' 

C  =  IJ  X  100  =  27.27^.     0  =  ji  X  100  =  72.73^. 

Per  cent  is  always  carried  to  the  second  decimal  place,  and  ihe 
sum  of  ihe  per  cents  must  equal  100. 

Exercise.— Find  the  i>orconrago  comiKisitionof  (llHi^«^(2)  Ba(NOi)i, 
(3)  Ca.(iH)o,.    (4)  Find  the  per  cent  of  Ct),  in  NaHCCh,  (5)  Nlfi  in  NH.a 

Formula. — To  ho  able  to  write  a  molecular  formula  we  must 
know  how  many  atoms  of  each  element  are  present.  Having  the 
molecular  weight  and  the  percentage  composition,  the  number  of 
atoms  of  each  kind  is  found  as  follows:  Divide  each  per  cent  by 
the  atomic  weight  of  the  element  and  multiply  the  quotient  by  one 
per  cent  of  tlie  niolo«'iilar  weight.  1'he  molecuhir  weight  of  a 
<'onip(»iind  of  V  and  O  is  44,  and  it  contains  of  C  27.27  per  cent 
and  of  0  VZA'.\  per  ec^it. 

For  (•,-'.,     X  0.44  --^  1  atom.     For  0,  -^  X  0.44  =  2  atoms. 

^J^he  fornnilji  tln^n  is  CO,. 

Demonstration.  -Let  a  —  atomic  weight,  n  =  the  number  of 
atoms,  ///    -  the  niolernilar  weight,  and  p  =  the  per  cent;  then 

'  m  a       100 

Exercise.     Find  the  formulns  of  the  following: 

1.  Ca  ^  21)41!?,  S  =  2:}  5:^,0  =  47.06:?,  moh^cular  weight  r=  138. 

'?.   (J    ~  85.71:?,  II  =  14.2i>:*.  niolecnlar  wei^^ht  =28. 

.;.   M  —  ,;r..iM);..  11  ■—  '.i.riii:^  O  =  (»l..">45?,  molcenlar  weight  =  78. 

Equations.  -If  an  er|nation  be  written  by  molecular  weights, 
the  numbers  represent  the  relative  amounts  of  substances  entering 


CH.XV.]  CHEMICAL  CALCULATIONS^  173 

into  and  coming  out  of  the  reaction.     The  following  equation: 

HNO,  +  NaHO  =  NaNO,  +  H,0 
63     +      40     =      85      +    18 

shows  that  63  parts  of  HNO,  act  with  40  parts  of  NaHO  to  form 
85  parts  of  NaNO,  and  18  parts  of  H,0.  Any  quantity  of  one 
being  given,  the  corresponding  quantities  of  the  others  may  be 
found  by  proportion.  Suppose  10  grams  of  HNO,  are  used,  how 
much  NaHO  is  required  and  how  much  NaNO,  and  H,0  is  pro- 
duced ? 

40  V  10 
63  :40  ::10  :a:;    x-       2,       =    6.35  grams  NaHO. 

oo 

85  V  10 
63  :  85  ::  10  :  a;;    ar  =  — ^ —  =  13.49  grams  NaNO,. 

DO 

18  V  10 
63  :  18  ::  10  :  a;;    a;  =  — ^. —  =    2.86  grams  H,0. 

How  much  HNO,  and  NaHO  is  required  to  make  10  grams.of  water  ? 

63  :  18  ::a;  :  10;    a;  =  ^y^  =  35.00  grams  HNO,. 

40  y  10 
40  :  18  ::a;  :  10;    x  =^ —^^ — ^  =  22.22  grams  NaHO. 

By  inspection  of  these  results  we  may  discover  the  simple  rule : 

Multiply  the  given  quantity  by  the  molecular  weight  of  the  other 
substance  and  divide  the  pi'oduct  by  the  molecular  weight  of  the  given 
substance. 

Exerciae.— Equation  Zn  +  H«SO«  =  ZnSO*  +  H«. 

100  grams  ziac  require  bow  much  H1SO4  ? 

20  grams  zinc  make  how  much  ZnSOi  ?  -^ 

50  grams  zinc  make  how  much  hydrogen  ? 

How  much  zinc  required  to  make  10  grams  hydrogen  ? 

How  much  ZnSOi  is  made  in  the  production  of  2  grams  of  hydrogen  ? 

VOLUMB  CALCULATIONS. 

Hydrogen  Unit, — The  weight  of  a  liter  of  hydrogen  at  0®  and 
760  mm.  is  0.08995  gram.  One  gram  of  hydrogen  then  occupies 
11.12  liters,  and  a  gram  molecules  is  22.24  liters.  Since  gaseous 
molecules  are  all  of  the  same  size,  tliis  number  also  represents  the 
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volume  of  the  pram-molecular  weight  of  all  gases.  Thirty-tw> 
grams  of  (),  44  grams  of  CO,,  17  grams  of  NHj,  etc.,  each  occupy 
a  volume  of  22.24  liters. 

Air  L^  14.3S  timess  as  heavy  as  hydrogen.    The  specific  gravity 

of  hydrogen  is  therefore  ,  or  0.0696. 

14.«>o 

Specific  Gravity  of  Gases.— The  specific  gravity  of  any  gas  is 
obtainctl  by  multiplying  its  density  by  the  specific  gravity  of 
hydrogen,  0.0G96.  For  example,  the  molecular  weight  of  CO,  is 
44.  its  density  is  22,  then  its  specific  graxaty  is  22x0.0096-1.53. 

Exercise.— Find  the  specific  gravity  of  (1)  SO^  (2)  NH,.  (3)  CH^. 

To  Find  the  Weight  of  One  Liter.— To  find  the  weight  of  a  liter 
of  any  jias,  multiply  its  density  by  the  weight  of  a  liter  of  hydro- 
gen. O.OSUO  gram.  Example:  the  molecular  weight  of  SO,  is 
64.  its  density  is  32,  and  therefore  one  liter  weighs  32x0.0899 
=  2.S77  grams. 

Exercise.— Find  the  weight  of  a  liter  (1)  of  K.O,  (2)  of  CliOa,  (8)  of 

H4Si,  i4)of  PH4CI. 

To  Find  the  Weight  of  a  Given  Volume.— To  find  the  weight 
of  a  given  volume  of  gas,  multiply  the  volume  in  liters  by  the 

weight  of  a  liter  found  as  above. 

Exercise.  -Find  the  weight  (1)  of  10  liters  of  PHt,  (2)  of  200  ec.  N,Oi, 

(:3)  of  500  CO.  N. 

To  Find  the  Volume  of  a  Given  Weight, — To  find  the  volume 

corn'spoTidin^f  to  a  given  weight  of  gas,  di\ide  the  weight  by  the 
weight  ot  one  liter:  the  result  will  be  the  volume  in  liters. 

Exercise.  — Find  the  vohimo  (1)  of  20  grams  nitrogen,  (2)  of  2  grams 
PCI,,  y-\)  of  5  gnims  CJI«. 

Reduction  for  Pressure. — Volume  of  gases  varies  inversely  as 

tlie    ])ressure,    that    is,    aa    the    pressure   increases   the   volume 

dimiuishes  and  rice  vorsa.     If  v  and  r'  be  the  volumes  and  p  and 

v'p' 
p'  the  i)ressure?^,  v  :  v'  :: ;/  :  p,  or  j^  =  -  -.    This  nuiy  be  put  into 

a  ruin  thus:  ^f^/Jfl))h/  the  f/iven^  volume  by  the  given  pressure  and 
(livitle  hi/  the   rrquired  pressure;  the  result  will  be  the  required 

volume. 
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An  easy  method  is  this:  Mak&  a  fraction  of  the  iwo  pressures, 
mnihring  whether  the  volutm  is  to  he  incrmsedor  diminiskedi  and 
jnultiph/  it  by  the  given  volume* 

Ezunple. — 100  m*  o!  hydrogea  were  measure^d  at  750  mm,;  what  is  Ihe 
Dlume  ac  7^0  mmj    The  preesuro  is  inerea&ed^  therefore  the  volume  will 


I  diminkhed^  a,ud  bence  100  k  ~  =  ) 

jOO 


B,B  CO, 


betciae. — If  100  oc.  of  «i  gaa  are  mes^ured  at  740  mm,^  what  is  the 
Tolyiue  at  <J40  mm,  f  Measured  at  7tJ0  mm.,  volume  at  720  mm.i  Meaa- 
Uftd  &t  020  mm.,  volume  ui  700  mm.V 

Reductloii  for  Temperattire-^GaseouB  volumes  vary  directly  ae 
be  absohite  temperatures.     If  v  and  v'  are  the  volumes  and  t  and 

the  absolute  temperatures,  then  p  i  v'  ::  t  :  t\  ot  v  —  ^,    This 

aeans,  multiply  the  given  volume  by  the  reqnired  temperature  and 
livide  the  product  by  tho  given  temperature,  A  very  simple  rule 
IB  us  foUowa : 

It  educe  to  absolute  temperature  by  adding  to  the  given  and 
equired  temperatures  each  27S  de{/ree^t  then  jnake  a  fraction  of  the 
^mptraturest  considering  whether  the  mlunie  is  to  be  increased  or 
^'^ini^hed.  and  nmltiply  the  given  mlume  iif  this  fraction ;  ih$ 
Ht  will  be  the  required  volume* 

'KxtrnpU^^li  ion  cc.  of  a  gns  are  measured  at  17%  what  is  tUe  volume 

^t  O'r    TJ»t3  eorrespondiug  absolute  temperatures  are  IT  +  273  =  2y0^  aud 

+  279*  =  ST3°.    SiD<^  the  temperature  h  to  be  lowered^  the  volume  will 

373 
!  dimimsbed  and  we  will  have  100  x  ^-^s  94.14  cc.,  the  required  volume* 

Sxercise.— 1.  200  cc.  are  measured  at  100^  what  is  the  volume  at  60"? 
2.  lOao  cc,  are  measured  al  100^  what  is  the  volume  at  0'  ? 


Beductions  for  preBsure  and  temperature  may  be  combined  in 
%e  openition»  and  by  the  use  of  logarithms  the  process  is  veiy 
inch  abortened, 

Sxam^*— 1G5  eo.  of  a  gns  is  measured  at  27*  and  T40  mm.;  what  is  the 

■indard  volume?    The  reductkm  la  to  0*  aud  TOO  mm.    The  volume  is 

imioifthed  by  tlic  change  of  b<3th  temperature  and  preagure,  aud  we  have 


273 


740 


=*  K  iii^  =  146.3  00. 


800 


760 
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If  the  pas  is  measured  over  water,  the  barometer  reading  is 
diminished  by  the  a<iue()us  vapor  tension  for  the  given  tempera- 
ture. Thus,  in  the  above  example,  the  vapor  tension  at  27*  is 
26.5  nun.,  and  the  true  pressure  on  the  gas  is  740—26-4—713.5, 

713  5 
and  wo  have  165X  -=7nr  =  l**0-6  ^c. 

The  followinir  table  ^ives  the  vapor  tension  of  water  in  milli- 
meters of  niercur\-  for  all  temperatures  that  are  likely  to  be  used  : 


Tenij).     Presf*.  Temp.       Presw.  Temp.       Press.  Temp. 

0^  -l.r»mni.  12^  10.5  mm.  20°  17.4  mm.  29**  29.8  mm. 

.5^  ti.f)    *'  13°  11.2    "  21°  18.5    "  30*»  31.5  " 

0°  7.0    '*  14°  11.9    *'  22°  10.7    •'  31*  33.4  " 

7°  7.5    '*  15°  12.7    "  23°  20.9    "  32**  35.4  " 

8^  S.O    "  ir.°  13.5    "  21°  22.2    "  33*»  37.4  " 

9°  S.r>    "  17°  14.4    "  25°  23.6    "  34'*  39.6  '* 

10°  9.2    "  IS^  15.4    "  26°  25.1    "  50*  92.0  " 

11°  9.8    "  19°  Hi. 3    "  27^  26.5    "  100**  760.0  ** 

Exercise.— 1.  200  cc.  of  a  gas  are  measured  at  88"  and  475  mm.;  what 

is  the  staiulanl  volume  ? 

2.  300  <x'.  of  a  gas  an*  meiidured  at  37**  and  2  atmospheres;  what  is  ib% 

standard  voliinn?  < 

8.  500  cc.  an.'  measured  at  standard  conditions;  what  is  the  Tolam^ 

—  1 10'  ami  lO  aimusplicrc.-^  ? 

Volume  Equations.- -The  calculjitions  based  upon  Yolume 
(•(luatiniis  arc  vt-rv  >inii>k*.  They  will  be  understood  from  an 
example.     AKmiIioI  Imriiri  according  to  the  following  equation: 

C.^H()  +  :jo^  =  ^CO,  +  3U,0 
'Z  \ul.s.  +  0  vols.  =  4  vols.  +  6  vols. 
1  vol.     -j-  :J  vols.   =  'Z  vols.  +  3  vols. 

This  means  tliat  to  ])uni  one  liter  of  alcohol  vapor  3  liters  of 
oxyireii  arc  rcijiiired,  and  that  there  are  produced  2  liters  of  carbon 

dioxiil  an<l  o  liters  of  steam. 


PART  IV. 
DESCRIPTIVE  CHEMISTS r. 


CHAPTER  XVI. 

THE    ELEMENTS. 

Of  the  seventy-seven  or  more  elements  which  compose  the 
innumerable  substances  of  the  earth  only  a  few  are  of  considerable 
abundance.  Indeed  two,  oxygen  and  silicon,  comprise  three 
fourths  of  the  solid  crustof  the  globe.  Six  others,  aluminum,  iron, 
calcium,  magnesium,  sodium,  and  potassium,  include  twenty-four 
per  cent  of  the  remainder,  leaving  but  one  per  cent  for  the  other 
sixty-nine  elements.  Further,  ten  more  elements  constitute  ninety- 
nine  one-hundredths  of  this  one  per  cent,  so  that  only  one  One- 
hundredth  of  one  per  cent  is  left  for  the  remaining  fifty-nine. 
The  following  table,  prepared  by  Professor  F.  W.  Clarke,  gives  the 
estimated  composition  of  the  earth's  crust,  including  the  sea  and 
atmosphere : 


Oxygen 

.49.98 

per  cent. 

Titanium. . . 

..0.30] 

per  cent. 

Silicon 

.25  30 

It 

Carbon 

..0.21 

i< 

Aluminum . . . 

.   7.26 

« 

Chlorin  . . . . 

..0.15 

« 

Iron 

.  5  08 

<c 

Phosphorus. 
Manganese. 

0  09 

(( 

Calcium 

.  3.51 

(( 

..0.07 

(C 

MajmeMum. . . 

.  2.50 

(( 

Sulfur 

..0.04 

(i 

Sodinm 

.  2.28 

iC 

Barium .... 

.   0.03 

(i 

PotasRinm . . . 

.  2.22 

ci 

Kifrocren . . . 

..0  02 

i( 

Hydrogen.... 

.  0.94 

II 

Chromium. . 

..0.01 

(1 

" 

Total .... 

.99.99 

II 
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Of  ihcsc  eighteen  elements  four  are  gases,  ten  are  non-metals, 
aiul  eight  are  metals,  as  follows: 

Gases:  hydrogen,  nitrogen,  oxygen,  and  chlorin. 

Non-metals:  chlorin,  sulfur,  chromium,  phosphorus,  carbon, 
silicon,  titan'um.  hydrogen,  nitrogen,  and  oxygen. 

Metals:  Midium,  ]H)tassium,  magnesium,  calcium,  bariiun, 
aluminum,  iron,  manganese. 

A  l)rief  description  of  thc^se  elements  and  of  a  few  others  is  here 
given  in  order  that  the  student  may  become  at  once  familiar  with 
them. 

IhjdrfHjcn^  atomic  uright  1. — \  colorless  combustible  gas,  the 
lightest  substance  known,  does  not  occur  free  in  nature,  liquefies 
with  great  difficulty,  lioiling-point  —246®.  Its  principal  com- 
jxjuncLs  are  water  and  organic  substances. 

Oxygen,  atomic  weight  16. — Colorless  gas,  supporter  of  life  and 
combustion,  the  most  abundant  element,  free  in  the  air,  liquefies 
under  i>ressure  and  cold,  boiling-point  —182®.  One  fifth  of  the 
air  and  one*  half  of  the  crust  of  the  earth  are  oxygen.  Its  com- 
pounds an*  vcr)-  numerous;  it  is  a  constituent  of  nearly  eveiy 
eommon  object.    Water  and  all  the  common  rocks  are  examples. 

yitnnjvii,  atomic  weight  H, — Colorless  gas,  very  inactive,  free 
in  the  air,  li<|U«'fi«il  by  cold  and  pressure,  boiling-point  —  194®.  It 
has  uunicrous  familiar  coni])ounds;  as,  ammonia,  nitric  acid,  niter, 
and  aiiininuiiiin  clilorid.  It  is  a  constituent  of  plant  and  animal 
bodies  and  of  most  explosives. 

Chlorin.  fffomir  irriyht  Su.4. — A  heavy  gas  of  greenish  color, 
very  poisonous  and  active,  does  not  occur  free.  It  forms  many  com- 
]H)un(]s  of  wliirli  liydrodiloric  acid,  common  salt,  a^d  potassiam 
ehlf)riil  arc  examples. 

Sulfur,  atnmic  weinht  -??.— A  brittle,  yellow  solid,  easily  melted, 
burns  with  stitlinir  rulor,  insoluble  in  water,  occurs  free  and  com- 
l)ino(l.  Of  its  numerous  compounds  the  most  important  are  sulfuric 
acid,  the  sulfatc>.  ami  tlie  native  sulfids  of  the  mettds. 

Phnsithnrus,  (tfmnir  frcif/ht  SI, — A  soft,  pale  yellow  solid*  poi- 
sonous and  very  active,  docs  not  occur  free,  melts  easily  and  bums 
at  a  low  teiup'^rature.  Its  principal  compounds  are  phosphoric 
acid  and  the  ]»lK)spliatcs. 

Citrhuu,  (ihniiir  n'vifjltt  12. — Three  forms:  diamond,  graphite,  and 
charcoal.     Diamond,  transparent  crystals,  the  hardest  substance^ 
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l^rilliant  and  costly.  Graphite,  soft,  black,  somewhat  abundant, 
used  for  majiing  lead-pencils.  Charcoal,  soft,  porous,  made  by 
charring  wood.  Principal  compounds,  carbon  dioxid,  carbonates, 
and  organic  bodies. 

Silicon,  atomic  weight  28. — Steel-gray  solid,  does  not  occur  free, 
next  in  abundance  to  oxygen.  Familiar  compounds,  quartz  and 
the  hard  rocks  generally. 

Titanium^  atomic  weight  43. — A  gray  solid,  difficult  to  separate 
from  its  compounds,  a  constituent  of  some  rocks  and  associated 
with  iron  ores.  / 

Sodium,  atomic  weight  23, — Silver-white,  soft,  very  active, 
tarnishes  in  the  air,  decomposes  water,  strongly  alkaline.  Most 
familiar  compounds,  common  salt  and  cooking-soda. 

Potassium,  atomic  weight  39, — Soft,  bluish  solid,  very  active, 
decomposes  water,  tarnishes  instantly,  does  not  occur  free,  difficult 
to  prepare.  Principal  compounds,  the  chlorid  and  carbonate  and 
other  salts. 

Magnesivm^  atomic  weight  2^. — Gi*ay,  malleable,  does  not  occur 
free,  burns  with  a  dazzling  light.  Principal  compounds,  the  oxid, 
carbonate,  sulfate,  and  chlorid. 

Calcium,  atomic  weight  JfO. — Soft,  white,  very  active,  does  not 
occur  free.  The  principal  compound  is  calcium  carbonate  or 
limestone. 

Barium,  atomic  weight  137. — Dark  yellow  solid,  difficult  to 
separate,  oxidizes  easily,  does  not  occur  free.  Principal  compound, 
heavy  spar  or  barium  sulfate. 

Aluminum^  atomic  weight  27. — Bluish,  white,  malleable,  very 
light,  not  active,  difficult  to  separate,  a  useful  metal.  Compounds, 
clay,  alum,  and  many  aluminum  silicates. 

Iron,  atomic  weight  56. — The  most  useful  and  most  abundant 
of  the  common  metals,  gray,  hard,  strong,  malleable,  ductile,  does 
not  occur  free.  Principal  compounds,  the  oxid,  sulfid,  and  car- 
bonate. 

Manganese^  atomic  weight  55. — Black,  does  not  occur  free,  not 
very  active,  acts  both  as  a  metal  and  a  non-metal,  often  associated 
with  iron  ores. 

Chromium,  atomic  weight  52. 4* — Steel-gray,  does  not  occur 
free,  difficult  to  separate,  often  associated  with  iron  ores.  Com- 
pounds, chrome  yellow  or  lead  chromate  and  potassium  dichromate. 
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A  few  other  cloineiit.s,  tbough  occurring  in  smaller  quantities, 
are  worthy  of  mention  here. 

Gold,  ffilnr,  and  platinum,  culled  the  noble  metals,  are  nn- 
chan«^tMl  in  the  air,  tiike  u  fine  polish,  have  beautiful  color,  and  are 
used  for  making  jewelry,  coins.,  and  vessels  for  special  purposes. 

Mtrcurt/,  the  only  liquid  metal,  white,  heavy,  used  in  barometers 
and  thermometers. 

Lead,  cnjij)et\  zinc,  and  tin  are  useful  metals,  malleable,  ductile, 
of  characteristic  color,  lead  gray,  copper  red,  zinc  bluish,  and  tin 
white. 


PRKPARATIOX    OF   THK    KLEMKXTS. 

There  are  three  general  methods  of  preparing  the  elements: 

1.  Jiff  elairolifsis.  The  electric  current  carries  the  ions  to  the 
electrodes,  where  they  lost*  their  charge  and  are  separated  as 
elements,  providtnl  they  are  not  acted  upon  by  the  electrode  nor 

th(»  solvent. 

2.  Bif  thrnnoljfsifi.  When  one  of  the  parts  into  which  a  com- 
pountl  is  decomposed  by  heat  is  an  element,  and  it  or  the  other  part 
can  he  n^moved  so  as  to  prevent  reunion,  the  free  clement  is  ob- 
tainiMl. 

o.  Ihf  rlumiral  displan  mn\t.  On  heating  an  element  M'ith  a 
coni]M)un(l,  the  clement  of  the  compound  is  .sometimes  displaced. 
llie  action  hciiii:  irenerally,  no  douht.  one  between  ions.  This  is 
th(^  inctlKul  iiinst  cr>nini(»nly  used,  and  the  more  important  elements 
which  sirvc  for  the  (lis]>lacement  are  hydrogen,  hydrogen  ions, 
nas('(»nt  hydrouen,  clilorin,  bromin.  and  metals  like  sodium,  potas- 
sium. TuaLnicsiinn.  aluminum,  iron  and  carbon. 


OUhi:K   or   TKKATMKNT. 

Acconlinir  to  the  j.crindic  classifieation  the  elements  may  be 

placi«l  ill  tln'  followinir  groups: 
1.   JIulni.Lim. 
'J.  Thr  l](li<.ids.     Group  VIIT  B. 

ll<'liuni,  neou,  ar;;on,  krypton,  xenon. 
3.   The  cliloruids  or  lialngens.     Group  VII  B. 
Fhioriu,  clilorin,  bromin,  iodin,  thulium. 


Cm,  X%a  ] 


THE  ELEMBMTB. 


181 


4-  The  man^anoids*     Group  Vll  A. 
MtiTi  g^a  XI  »r*sc%  Slim  a  ri  u  r  r  i , 

5.  The  bfilfmda.     Group  YI  B. 

Uxygon,  sulfur*  selenium,  tellurmm, 

6.  The  chromoiilH*     Group  VIA. 

Chromiurii,  molybdenum,  Deodymiiim,  tungsten,  uranium. 

7.  The  iritrolds.     Group  V  B, 

Nitrogen,  phosphorus,  arsenic,  antimony,  erbium,  bismuth, 
8»  The  vanadoids.     Group  V  A, 

Yanadinmj  columbfum,  praaeodjmimnj  tantalum* 
9*  The  carboids.     Group  TV  B. 

Ciirhon,  eilieon,  germanium,  tin,  lead, 
10.  The  iitanoidfi.     Group  TV  A. 

Titanium,  zirconium,  cerium,  thorium, 
l\.  The  boroidfl.     Group  III  B, 

Boron,  alnminum,  i^allinm,  indium,  terbium,  thalliam, 
lU,  The  sninrloids.     Group  111  A, 

Scandium,  yttritim,  lanthanum*  ytterbium. 
13^  Tl»e  Kl«<^itxoidet     Group  II  A*     Alkali  earth-metals. 

Glueinuni,  magneeiumi  calcium,  strontium*  barium* 

14.  The  zincoids*     Group  II  B. 

Zinc,  cadmiivmj  mercury. 

15.  The  liotaaaoids  or  lithioid.s.     Group  I  A,     Alkali  metals. 

Liihiumt  fiodium,  potassium,  rubidium,  csesium. 

16.  Tbecuproids.     Group  I  B, 

Copper,  silver,  gadolinium,  gold, 
17t  The  ferroidii,  palladinoids,  and  platinoids.     Group  YIIl  A, 
(a)  Iron,  nickel,  cobalt;  {b)  rutheuium,  rhodium,  palla- 
dium; (c)  gsmium,  iridium^  platinum, 

lu  the  descriptive  portion  of  this  work  the  above  scheme  k 
followed  §0  far  m  possible.  In  order  to  introduce  some  typical  ele- 
m^iU  imt  and  to  securw  an  exhaustive  treatment  of  tliecompouuda, 
:.  '  '  '  :  irtnre  was  ueeessary,  llydrogee  and  oxygen  and  their 
»  v-ih^r  and  hydrogen  peroxid  are  considered  firgt.    Tiien 

this  demeuu  are  taken  by  groups,  beginning  with  the  most  negative, 
and  ctKdi  one  is  described  together  with  the  com  pounds  wliieh  it 
farme  with  ail  tht*  i^lements  which  have  been  treated  before  it.  The 
chiipleni  DO  the  atmor^phero  and  combustiou  are  placed  immediately 
/  V       J  roup^  and  mangun@§e  is  treated  io  close  counection 


CHAPTER  XML 

HYDROGEN.    \ 

Symbol  II.  Valence  I.  Atomic  weight  1.  Density  1.  Molecular 
formula  Hi.     Molecular  weight  2,    Specific  gravity  0.0696.    Liter  weighs 

0.08U9gnim  (1  crith). 

Occurrence. — Hydrogen,  becansc  of  its  chemical  actiyity,  and 
csperially  because  of  its  aftinity  for  oxygen,  occurs  free  on  the  earth 
in  very  small  quantities,  and  then  only  where  chemical  processes 
are  going  on  which  8et  it  free.  It  is  found  in  gases  coming  from 
volcanoes  and  oil-wells  and  some  coal-mines.  It  is  sometimes  set 
free  in  the  deccunposition  of  organic  matters  and  may  thus  occur  in 
the  breatli  and  intestinal  gases  of  animals.  The  spectroscope  shows 
it  to  exist  in  tlie  fixed  stars,  in  some  nebula?,  and  in  the  photosphere 
of  the  sun.  The  ]>roiuinences  seen  projecting  for  millions  of  miles 
from  till'  sun's  disk  during  solar  eclipses  are  composed  mainly 
of  inf-andescont  hydrogen.  Meteorites  often  contain  occluded 
hydrnirni. 

(.'ouibiiiod  hydropron  occurs  abundantly  in  nature.  Its  most 
important  cuui])uund  is  water,  of  which  it  constitutes  one  ninth  by 
weip:ht.  It  is  found  in  nearly  all  or^^anic  substances  and  in  many 
minrrals,  and  is  an  essential  constituent  of  all  acids  and  bases. 

History.— Ill  the  sixteenth  century  Paracelsus  observed  that  an 
inflamuKibh'  ;,^•w  was  ^mvcu  ofT  when  metals  were  acted  on  by  acids. 
Cavendish  discrovered  the  true  nature  of  this  gas  in  1766,  and  in 
1781  he  and  Watts  showe<l  that  water  was  the  resultof  its  combustion 
in  the  air.  Lavoisier  ^ave  it  the  name  Jiffdroffen  from  the  Oreek 
which  means  frnfrr-/trofiNrf»r, 

Preparatfon. — Hydrogen  is  obtained  from  its  compounds  by 
decomposing  them  in  such  a  way  that  there  is  nothing  else  praeent 
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with  which  it  can  unite.     The  methods  of  preparation  are  numerous 
and  only  a  few  are  given : 

1.  By  the  electrolysis  of  hydrogen  compounds,  as  in  the  reactions, 
H,0  =  H,  4-  O  ..    .     .     (1)  .  HCI  =  H^4-  CI,.    .    .     (2) 

2.  By  action  of  intense  heat,  as  when  melted  platinum  is  dropped  into 
water.    (Equation  1.) 

3.  By  action  of  metals  upon  water;  sodium  or  potassium  at  the  ordinary 
temperature : 

>Na  4-^aO  =  NaHO  4- H^ (8) 

or  at  the  boiling-point,  zinc  which  has  been  coated  with  copper  by  dipping 
it  in  solution  of  copper  sulfate  (zinc-copper  couple): 

Zn  +  H,0  =  ZnO  4-  H, (4) 

or  iron  at  red  heat : 

Fe,  4-  4H,0  =  Fe.O*  4-  4H, (5) 

4.  By  the  action  of  metals  on  acids;  as. 

Fe  4- 2HC1  =  FeCU  4- Ha (6) 

Zn  4-  HaSO*  =  ZuSO*  4-  H, (7) 

5.  By  action  of  metals  on  bases;  as, 

Mg4-2KHO  =  Mg(OK),  4-Ha (8) 

6.  By  destructive  distillation  of  organic  compounds,  as  in  coal-gas. 

7.  By  passing  steam  over  charcoal  heated  to  redness: 

C  4-  2naO  =  CO,  4-  2H (9) 

The  common  and  most  convenient  method  of  preparing  hydrogen 
is  by  the  action  of  zinc  on  sulfuric  acid.  (Equation  7.)  Stripe 
of  sheet  zinc  or, better,  fragments  of  granu- 
lated zinc  (prepared  by  pouring  melted 
zinc  in  cold  water)  are  placed  in  a  bottle 
furnished  with  funnel  and  delivery  tubes. 
The  delivery  tube  passes  beneath  the  re- 
ceiver on  the  water-cistern,  or  communi- 
cates by  means  of  a  rubber  tube  with  a 
gasometer.  Sulfuric  acid  diluted  with  five 
or  six  volumes  of  water,  specific  gravity 
1.18,  is  poured  through  the  funnel-tube 
and  the  ga8,which  is  rapidly  evolved,  escapes  ^^-  ^' 

through  the  delivery  tube.     The  gas  should  not  be  collected  until 
all  the  ail  is  expelled  from  the  bottle. 
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Pnrification. — Ilydro^n  thus  prepared  contains  impurities  derived  from 
the  materials  used,  such  as  hydrogen  sulfid,  hydrogen  phospbid,  hydrogen 
arsenid,  siilfurous  oxid,  nitrous  fumes,  and  certain  hydrocarbon  oom- 
ptjunds.  Tiiese  may  be  removed  by  passing  the  giis  through  a  series  of 
U  tulM*s  containing  substances  to  absorb  them.  Lead  nitrate  in  the  first 
removes  the  h}drogen  sulfld.  silver  sulfate  in  the  second  absorbs  the  hydro- 
gen arscnid  and  hydrogen  phosphid,  charcoal  in  the  third  remoTes  the 
liydrocarbons,  while  tliu  moisture  and  other  impurities  are  retained  in 
tul)es  containing  potash,  calcium  chlorid,  sulfuric  acid,  and  phosphorie 
oxid. 

A  simple  thougli  rather  expensive  method  of  prejMring  hydrogen 
is  by  the  action  of  sodium  uix)u  water.  The  metal  by  its  superior 
aflinity  for  oxygen  displaces  one  half  the  hydrogen  of  the  water. 
(Ecjuatiou  3.)  Heat  enough  is  generated  by  the  action  to  melt 
the  sodium,  whicli,  being  lighter  than  water,  runs  alx>ut  on  the 
surface  iis  a  silvery  globule.  If  the  water  bo  warm,  or  the  globule 
bo  heltl  in  one  place  by  tlropping  u  piece  of  paper  upon  the  surfoce 
of  the  water,  the  escaping  hydrogen  tiikes  fire  and  bums  with  the 
briglit  yellow  flanio  characteristic  of  sodium.  In  order  to  collect 
the  hydrogen,  ilic  piece  of  sodium  is  caught  in  a  wire  cage  and 
depres.sed  beneath  the  mouth  of  a  test-tube  filled  with  water  and 
inverted  over  tlie  water-cistern.  By  using  a  little  dexterity  the 
sod  ill  Til  may  lu*  introduced  beneath  the  test-tube  with  pincers. 

Pure  hydrogen  may  l)e  prepared  according  to  equation  8  aboYe, 
or  by  the  electrolysis  of  acidulated  water.  In  the  latter  process  s 
gla-s  (l«MTinipusing  cell  is  used,  tlie  ])0sitive  electrode  being  amalga* 
mated  ziin',  and  the  negative  a  leaf  of  ]jlatinum.  The  oxygen  is 
retaiiUMl  ])y  tlie  zinc,  forming  zinc  sulphate. 

Caution.  -Howtjver  ljydro«:eii  is  prepared,  care  must  be  taken  that  it  be 
fne  from  air,  for  the  two  tr)^^'tlier  make  a  violently  explosive  mixture. 
Bi'fore  (•f»llcciiii;,'  the  liydroi:jen  for  use,  time  must  be  allowed  for  all  the  air 
to  be  <'X])elli'd  frnm  tin'  ves><cl  in  which  it  is  beinjjf  generated.  In  order  to 
ti'st  it,  till  a  l.'ii-i;(.  ti'st-tub«'  witli  the  j^as  and  bring  the  mouth  of  the  tube 
to  a  flame.  Tf  the  liyrlrnrreii  burns  quietly,  it  is  free  from  air;  if  it  makes 
a  slii^ht  explosion,  furthor  time  must  Iw  allowed.  The  hydrogen  in  the 
gasoTiieti.T  slionlcl  be  so  t^stt'd  ovory  day  l)efore  it  is  used. 

Physical  Properties. — Tlytlrogen  is  a  colorless  gas  with  neither 
odor  ]>or  tastr.  It  is  tlie  lightest  substance  known,  its  specific 
gravity  hvuvi  o.tv.no.  Tt  if;  the  standard  of  vapor  density,  atomic 
weiglit,  moleriilar  weiglit,  molecular  volume,  diffusibility,  and  ▼■!- 
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ice.  The  weight  of  one  liter  at  0"^  and  760  mnip  m  called  a  criih 
(Greek,  a  barhtfcnm)  and  ie  equal  to  about  0,0899  gniriK     This 

lumber  Tariu^  with  the  latitude.     At  Paris  it  is  0.089578  gram, 

hie  grain  uf  h)'drogi*ii  occupies  a  volume  of  11.12  liters*  The 
dilTuflibility  of  hydrogen  ia  greater  than  that  of  any  other  gas.    The 

lti«ult^.!d  mean  velocity  of  the  hydrogen  moleculea  at  standard  cou- 
pit  ions  is  184-4  meters  per  second.  It  diffuses  readily  thnmgh  the 
pore^  of  red-hot  metals  such  as  iron,  platinutn,  and  palladium. 

Che  Telocity  of  sound  is  increased  in  i^  and  its  intensity  much 

Jminiahed.     Its  refractive  power  compared  with  that  of  air  is  ti.G, 
It  i«  bat  slightly  soluble,  100  volumes  of  water  dissolving  only 
>ot  2  volumes  at  0"  and  L8  volumes  at  20*^.     It  is  somewhat 

Qore  solu bio  in  alcohol. 

Hydrogen  is  the  most  difficult  of  aU  gasc*?*  to  liquefy  except 
lM*liunj.  Its  critical  temperature  and  presssure  are  -22.5*^  and  15 
atmuwpheresi.  When  condensed  it  is  a  colorleitj^  liquid  which  boils 
It    —252°  and  hm  a  specific  gravity  only  0.07  (Dewar).     It  is 

fierefore  the  lightest  liquid  known.  In  the  cold  producer!  by  its 
tiWti  evapc^nttion  when  tiie  pre^ssure  is  snddenly  reduecHl,  it  he* 
comes  a  transparent  solid  which  melts  at  about  —257*^,  or  within 
10^  of  alisiilute  zero.  It  thus  furnishes  the  most  intense  cold  that 
ha^  ever  been  obtained.  It  was  first  liquefied  by  Olszewsky  hi 
1S95. 

The  gpectnim  of  hydrogen  consists  of  four  bright  lines,  one  in 
the  red  corresponding  to  the  Fraunhofer  line  C,  one  in  the  blue 
coincident  with  the  dark  line  F,  and  two  in  the  indigo. 

Many  metals  and  some  other  solids  have  the  power  of  absorbing 
or  ocelnding  hydrogtiu.  Charcoal  absorbs  %  volumea,  finely  divided 
iron  20  volumes,  and  platinnm  sponge  50  volumes.  Palladinm  at 
r&d  beat  absorbs  D35  volnmes,  increasing  nearly  one  tenth  in  bulk, 
ftud  when  cooled  still  retains  37C  vohimes*  The  appearance  of  the 
metal  IS  not  i'liauged,  but  its  tenittuty,  its  power  of  conducting  heat 
Aiid  electricity,  and  its  sj^ecifie  gravity  are  diminished^  while  its 
magnetic  jxjwer  is  increnyed.  The  hydrogen  thus  occlnded  ia  called 
hffdrBgmium  and  hm  a  ealcnlatad  specific  gravity  0.62. 

maatittioiia,— Th(?  lightnoss  of  hydfogeu  may  be  shown  as  follows  : 
(fl)  Fill  softp-bubbles  from  the  end  of  a  robber  tube  or  from  a  clay  pi|>o 

iiKii9l«viii>d  with  a  ^r^ftp  iolution  with  bydroj^en  from  tlie  ga«^bag  or  -h^ldi^r . 

As  tlw*  hubbli?*  t>et!f>me  detnt^hed  they  rise  rapid ly  to  the  ceiling. 

i^i  VAX  ri  jar  with  \hr.  mmixh  down  with  hydrosfen  and  pcmr  it  upwurd 
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iuto  another  jar.  A  burning  match  will  show  which  jar  contains  tht 
hydrogen.  • 

(c)  Suspend  a  light  beaker  mouth  down  from  one  end  of  a  balance-beam 
and  counter[)oise  it  with  weights.  Pour  a  jar  of  hydrogen  up  into  the 
beaker. 

The  efttK^t  of  hydrogen  upon  sound  may  be  shown  by  passing  a 
sounding-fork  or  a  .squeaking  toy  up  into  a  jar  filled  with  the  gas. 

The  diffusibility  of  hydrogen  has  been  illustrated. 

Chemical  Properties. — Hydrogen  at  the  ordinary  temperatare  is 
quite  iiiuctivc  and  its  cainpoiinds  are  rather  unstable,  particularly 
because  of  its  stroug  afliuity  for  the  oxygen  of  the  air.  At  high 
teml>er:lture^^,  or  in  its  nascent  statc^  or  in  occlusion  it  is  chemically 
quite  activis  entering  into  combinations  which  it  would  not  other- 
wise fornix  und  acting  as  a  ])owcrful  reducing  agent.*  It  unites 
directly  to  most  of  the  elements  which  are  negative  to  it,  but  rarely 
to  the  others.  It  unites  indirinaly  to  almost  idl  the  elements  form- 
ing ternary  c-<»m pounds,  the  most  important  of  which  are  the  acids 
and  bases.  With  nitrogen  it  enters  into  that  large  class  of  com- 
])ounds  called  ammonia  derivatives,  and  with  carbon  is  a  constituent 
of  the  innumerable  substances  of  organic  chemistry. 

Jlydro^Ccn  takes  iire  at  about  500^  and  burns  with  great  vigor, 
unitiii^^  witli  the  oxytjen  of  tlio  air  to  form  >vater.  The  flame  is 
pale  blue  an<l  scarcely  luminous,  but  brightens  under  pressure. 
The  lieat  of  tlie  combustion  is  very  great,  one  gram  of  hydrogen 
yii^lilin;,^  ;)4,ir.T>  iicat-units.  The  temi)eraturc  of  hydrogen  burning 
in  air  is,  acconlin;;  to  lUmsen,  '^*024'  ;  in  oxygen,  2844°.  Mixtures 
of  hydroL'^eii  wiili  air,  oxygi-n,  chlorin,  or  vapor  of  bromiu  explode 
Avitli  violence  cm  being  i<:nited. 

IIy<lru;:en  does  not  supi)ort  ordinary  combustion.  A  lighted 
taper  is  cxtini^uislied  in  it  boeauso  the  materials  of  the  taper  will 
not  unite  with  it.  A  jet  of  oxygen  or  chlorin  bums  freely  in  an 
aim  OS  I  the  IV  ot'  liydrogen. 

Illustrations.— I  lit  rod  uee  a  lighted  candle  into  a  cylinder  of  hydrogen 
held  inoiiili  down.  The  gas  take.s  fire  and  burns  at  the  mouth  of  the  cyl- 
inder; tli»'  candh'  is  extinguished,  but  on  being  withdrawn  is  relighted  as 
it  passi's  nut  through  the  burning  hydrogen.  Tliis  shows  that  hydrogen  is 
a  eombustihle,  but  not  a  supporter  of  combustion. 


*  A  Ffrhicing  a<;:('nt  is  one  whieh  takes  oxygen  from  its  compounds.     All 

c()n)hu<til»lcs  are  reducing  agents. 
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Iguito  a  jet  of  hydrogen  coming  from  the  generntOT,  or,  better,  from  a 

■hthg  fir  gas-lioldet,    Tbe  jet  ra^ny  be  of  platltium  or  simply  n  glass  tabe 
Tjtvfu  out  s^o  AS  to  leave  a  titie  ofmiiDg.     Note  the 
cbariicter  of  the  flume.     If  gla^  iss  used,  the  flame 
wil!  6oot)  become  yellow  beciLuse  the  glasfi  beeomas 
red'hoL 

The  finrmalioD  of  water  is  shown  by  letting  tbe 
jt?i  bum  ill  ft  glass  t.ut^*  Drops  of  water  collect  oq 
th*j  ookJ  wall  of  tbe  tube, 

If  the  tube  is  of  proper  size,  1  to  3  em*  in  diam- 
eter and  30  to  5Q  cm.  long,  a  mu^icnl  tone  will  be 
bttard  wbo^c  pitch  will  depend  upon  the  length  of 
tbe  tube.  The  sound  is  produced  by  a  quiveriog 
dot  Ion  of  the  llamc* 

Til*?  great  heat  of  tb@  flame  is  shown  by  in  trod  uc- 
log  thin  sirtfjs  of  metal.  They  easily  melt,  giving  the 
fljime  eharact eristic  colors.  PlatiDum  does  not  melt, 
but  CO  lorn  the  flame  at  first  a  bright  yellow. 

Th«?  rtnliicing  action  of  hydrogen  is  showfi  by 
pa/^ing  it  throngh  a  tulie  containing  red-hot  copper 
Olid;  copper  is  separated  : 

CuO  +  H,  =  Cu  +  H,0, 

T**  show  tbe  aolivity  of  uaaoent  hydrogen,  place  in  a  beaker  some  z'mQ 
and  some  silrer  ctilorid  &i*d  cover  them  with  dilute  hydrochloric  acid.  In 
a  short  time  silver  will  be  depoalied^  the  nascent  hydrogen  having  taken 
tbe  chlonn  to  form  HCh 

To  illustrate  the  explosive  mixture  of  air  and  hydrogen,  we  may  use  the 
**bydrogpri  pislol/'  a  tin  llask  of  about  a  liter  capacity  with  a  small  af>er- 
tore  in  the  side  near  the  base.  Cover  the  apertare  with  the  finger  and 
fill  the  (!ask  month  down  with  hydrogen.  Remove  the  finger  and  light  the 
gas  at  the  aperture.  As  the  escaping  gas  burna,  the  air  enters  below  and 
i\c^  with  the  hydrognn  in  the  flask.  Preaently  the  flame  enters  and  tbe 
ixtvirc  burns  with  a  loud  eiplosion.  The  explosion  may  be  brought 
aIkhK  sriimer  by  tnrnSng  the  mouth  of  the  flask  upward  after  the  gas  haa 
bunied  for  a  few  moments. 
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Physiological  Properties. — Hydrogen  does  not  snpport  respira- 
tion; arimaU  smolhcr  in  it  for  want  of  oxygen.  It  is  not  poison- 
ou».  An  animal  will  breathe  without  inconveniotioe  for  a  time  li 
mixttire  of  4  part^  of  bydra^'en  and  1  part  of  oxygon. 

UseSi — ^Ilydrogen  is  iiBod  aa  follows: 

J.  On  a(?connt  of  its  ligbtne^e,  for  filling  balloons,  one  liter 
Imfing  an  ancenstonal  force  of  about  L^  grams. 
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2.  As  a  source  of  high  heat  in  certain  metallurgical  ^^pentioDBi 
as  in  melting  platinum.  \ 

3.  For  tha  production  of  the  calcium  light.  For  this^orpoie, 
liowever,  ordinary  coal-gas  is  generally  used,  as  it  is  cheaj)er  and 
mure  convenient. 

4.  Ad  a  reducing  agent,  and  in  various  laboratory  operations. 
Tests. — Hydrogen  is  recognized  by  its  lightness,  its  ready  union 

witli  chloriu,  its  combustibility,  and  the  nature  of  the  product  of 
its  combustion. 

Hydrogen  Ion.— Acids  and  .some  Dther  compounds  dissociate, 
yieldin;^  th(»  hy<lrc)«r(*n  ion  II'.  This  ion  is  univalent,  colorles, 
poisonous,  very  active,  and  a  powerful  catalytic  agent.  It  is  the 
characteristic  ion  of  all  acid  solutions,  and  acid  properties  are 
probably  ^vholly  due  to  it.  It  readily  jrivcs  up  its  electric  charge 
to  ni("tals  assuniinj;  tlu»  molecular  condition  and  appearing  as  ele- 
mental hydrofren.  This  seems  to  1)0  the  real  reaction  "when  metab 
are  brought  in  contact  ^vith  acids.     In  the  following  reaction, 


211-  i-2Cr  +Zn-Zn"  +2CT+Hj, 


the  el(H'tric  (4iarfr<*  is  transferred  from  the  hydrogen  to  the  zinc,  and 
the  t'lilorin  itius  remain  un('lian«r<Hl.  The  heat  of  formation  of  the 
liydroiren  inn  fnmi  molecular  hydroireu  is  very  snudl,  about  —900 
eaiorit's.  and  for  j)ra(tical  jiurjuises  is  assununl  to  be  zero.  The 
beat  ni'  forniatinn  of  an  iw'xA  is  then  equal  to  that  of  the  anion, 
and  this  assunii)tion  I'urnisbes  a  means  of  determining  the  heat  of 
formation  of  ions  irenerallv. 
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OXYGEN. 

Symbol  O.  Valence  11.  Atomic  weight  16.  Density  16.  Molecular 
formula  0«.  Molecalar  weight  82.  Specific  gravity  1.106.  Liter  weighs 
1.43  grama. 

Occurrence. — Of  all  the  elements  oxygen  is  the  most  widely 
diffused  and  the  most  abundant.  It  exists  free  in  the  atpfiosphere, 
of  which  it  is  one  fifth,  and  in  solution  in  all  terrestrial  waters.  It 
IB  also  a  constituent  of  the  atmosphere  of  the  sun.  Combined,  it 
constitutes  nearly  one  half  of  the  solid  crust  of  the  earth,  eight 
ninths  of  water,  and  three  fourths  of  all  animals  and  plants. 

History. — Oxygen  was  discovered  by  Priestley  in  England  in 
1774  and  independently  by  Seheele  in  Sweden  in  1775.  A  little 
later  T^voisier,  in  Prance,  discovered  the  r61e  it  plays  in  respiration 
and  combustion  and  gave  it  the  name  oxygen^  which  is  Greek  and 
means  acid-maker.  The  negative  oxids  make  acid  solutions,  and 
were  themselves  formerly  called  acids. 

Preparation. — Although  oxygen  is  the- most  abundant  of  the 
elements,  it  is  quite  difficult  to  get  it  pure  except  in  small  quantities. 
It  may  be  obtained  by  separating  it  from  the  nitrogen  of  the  air, 
or  by  the  decomposition  of  oxids,  and  salts  rich  in  oxygen.  The 
following  are  some  of  the  methods: 

1.  By  heating  the  ozids  of  mercury,  manganese,  lead,  barium,  chro- 
mium, etc. 

7^gO  =  Hg  +  0./.    .    .    (1)  MnO,  =  MnO  +  0    ...    (2) 

2.  By  the  decomposition  of  water  (a)  by  melted  platinum,  (6)  by  elec- 
tricity, (r)  in  the  form  of  steam  by  chlorin: 

-yH^O  =%  +  O^    .     .    .    (8)  H,0  +  201  =  2HC1  +  O    .     (4) 

8.  By  the  action  of  sunlight  on  carbon  diozid  in  the  leaves  of  plants : 

CO,  =  C  +  0, (5) 
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4.  By  ihe  action  of  heat  upon  various  salts: 

2KC10.  =  KCIO.  +  KCl  +  O.     (6)  /  KCIO.  =*«C1  +  80r  (7) 

5.  By  the  action  of  sulfuric  acid  on  higher  oxids  aud  talta: 

MuOa  +  1J,S()4  =  MuSO*  +  H,0  +  O      ....     (8) 
KaMuaO.  +3IUSO4  =  K.SU  +  2MnS04  +  8H,0  +  60  .    .     (9) 

6.  By  the  catalytic  action  of  cobalt  oxid  upon  bleaching-powder: 

CaiOCl)Ci=CaCl, +  0 (lo) 

7.  By  dropping  sulfuric  acid  upon  red-hot  bricks  (Deville): 

II.SO4  =  H,0  4-  SO,  +  O (11) 

8.  When  barium  oxid  is  healed  in  the  air  it  becomes  bariam  dkudd.  At 
a  higher  temi»eratuie  or  under  diminished  pressure  it  separateB  again  into 
barium  oxid  and  oxygen  (Bousingault): 

BaO  +  O  =  BaO,  .     .    .    (12)  BaO,  =  BnO  +  O  .     .     .    (IS) 

9.  Cuprous  chlorid  when  heated  in  the  air  becomes  cupryl  chlorid,  and 
at  a  higher  teminTature  gives  up  the  oxygen  again  (Mallet) : 

Cu.Cl,  +  O.  =  2CuOCl      (14)  2CuOCl  =  Cu.Cl,  +  O.     .    (15) 

10.  By  heating  sodium  or  potassium  manganate'to  redness  in  a  current 
of  steam  oxygen  is  set  free.  On  heating  the  residue  in  the  air  oxygen  is 
absorbed  again  (Tessio  du  Motay) : 

2Xa.Mn()«  +  2IIuO  =Mn,03  +  4NaH0  +  80       .    .     .    (1«) 
Mn.(.),  +  INallO  +  30  =  21I,0  +  2Na>MnO«       ...    (17) 

The  last  four  processes  arc  used  for  the  preparation  of  oxygen  on 
a  lar<ro  scalo. 

For  coniinon  purposes  oxygen  is  always  prepared  from  potassium 
chlorate.     This  oonipound  melts  at  400''  and  gives  up  its  oxygen 
witli  :i  bri>k  olTorvoscenre.     (Equations  (0)  aud  (7).)    If  it  be  mixed 
Avith  one  fourtli   its  woJL'ht  of  manganese  dioxid,  the  whole  of  the 
oxy^'on  comcji  olT  at  nhont  200",  which  is  below  the  melting  tern* 
pcraturo  of  the  chlorate.    The  manganese  dioxid  remains  unchanged^ 
its  actif)Ti  hciuir  a  catalytio  one.     Tn  reality  a  series  of  reactions  ia 
supposed  to  take*  place  represented  hv  the  following  eqriations: 
2MnO,  +  SKCIO,  =  2KMnO,  +  CI,  +  O, 
2KMnO^  rrrK.MnO.  +  MnO,  +  0, 
^\^h^(),  +  (M,  =  2KC1  +  MnO,  +  0, 

The  materials  are  heated  in  a  flask  or  retort  of  metal  or  haid 
glas-,  and  the  oxyccen  is  collected  over  water  or  conveyed  into  a  gis- 
bolder.     Tiie  oxv^ren  thus  obtained  is  liable  to  contain  carbon  dioxid 
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and  chloriu.     These  may  be  removed  by  passing  the  gas  through  a 
solution  of  potassium  or  sodium  hydroxid. 

In  small  quantity  oxygen  may  be  prepared  by  heating  mercuric 
oxid  in  a  hard  glass  tube.  (Equation  1. )  The  mercury  condenses  on 
the  tube  and  the  oxygen  passes  out.  A  delivery-tube  may  be 
attached  and  the  gas  collected  over  water.     This   is  the  classic 


Fio.  49. 


experiment  by  which  oxygen  was  first  prepared  by  Priestley,  August 
1,  1774.  He  heated  the  oxid  by  condensing  the  rays  of  the  sun 
with  a  powerful  burning-glass. 

Physical  Properties. — Oxygen  is  a  colorless,  odorless,  tasteless 
gas,  a  little  heavier  than  the  air,  its  specific  gravity  being  1.1056. 
A  liter  weighs  under  standard  conditions  1.43  grams.  Its  re- 
fractive power  is  less  than  that  of  any  other  gas,  being  to  that  of 
air  as  0.8616  to  1.  It  is  quite  strongly  magnetic.  Its  atomic 
weight  referreft  to  hydrogen  is,  according  to  determinations  of 
Morley,  15.879.  It  is  frequently  used  as  the  standard  of  atomic 
weight  with  the  weight  16. 

Oxygen  is  slightly  soluble  in  water.  Its  coefficient  of  solubility 
at  0**  and  760  mm.  is  0.041.  At  the  ordinary  temperature  100 
volumes  of  water  dissolve  about  3  volumes  of  oxygen.  It  is  more 
soluble  in  alcohol,  100  volumes  dissolving  28. 

Oxygen  is  easily  liquefied  under  moderate  pressure  at  the  very 
low  temperatures  now  available.  Its  critical  temperature  is  —  118** 
and  its  critical  pressure  is  51  atmospheres.     It  was  first  liquefied 
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independently  by  Pictet  and  Cailletet  in  1877.  The  liquid  is  pila 
blue  and  limpid,  and  boils  under  atmospheric  preesore  at  —  182^ 
and  in  vacuo  at  the  very  low  temperature  of  —  225**.  In  ordixiaiy 
vessels  it  boils  violently  even  when  immersed  in  liquid  oarboB 
dioxidy  —  78°,  but  in  vacuum  jacketed  flasks  or  tubes  it  remains  a 
quiet,  static  liquid,  evaporating  slowly.  Its  specific  gravity  variflB 
with  its  temperature.  At  its  boiling-point,  —  182%  it  la  a  little 
heavier  than  water,  having  a  specific  gravity  1.124.  Ab  the  tem- 
poniture  rises  the  density  diminishes  rapidly,  being  0.87  at  —  139% 
0.81  at  -  134%  0.75  at  -  129%  and  0.65  at  -  118%  Cooled  by 
its  own  evaporation  in  vacuo  it  becomes  a  white  solid. 

Certain  metals  in  a  state  of  fusion  absorb  oxygen  and  give  it 
out  a^ain  ou  cooliug.  Silver  absorbs  about  ten  Yolumesy  and  the 
esc':ii>ing  gsis  causes  the  spitting  of  cooling  silver. 

Chemical  Properties. — Oxygen  is  the  most  active  of  all  the  ele- 
nuMits,  with  tlic  possible  exception  of  fluorin  and  chlorin.  The 
only  oliMi) on t  whii'h  i\m  resist  its  iiction  is  fluorin.  It  unites  with 
all  tlie  others  to  funn  oxids,  and  when  pure  and  aided  by  heat  its 
action  i.<  most  viirorous.  Its  activity  is  greatly  reduced  in  the  air 
by  its  admixture  witli  four  times  its  volume  of  nitrogen.  Its  union 
witii  otiicr  clt-nifnts  is  called  oxidation  and  is  always  attended  with 
lirnt  ;in«l  often  with  liirlit. 

Mom  (>xiiliza]»le  substances  undergo  slow  oxidation  or  combus- 
tion in  tile  air.  Tin-  nistinsr  of  metals  and  decay  of  organic  mat- 
t(M-s  are  cxaninh's.  Moisture  aids  in  this  action,  and  in  most  cases 
it>  ]Hf-«'Tn«!  siM'nis  to  bo  a  ni^cessary  condition.  It  may  be  the  real 
o\i«li/iii.:  aL'^'iit,  Init  the  ac^tion  is  more  probably  a  catalytic  one. 
Kvon  at  hJL'h  tfniporatnros  oxidation  does  not  easily  begin  without 
nioi-Jturr-.  Ir  i^  saitl  tliaf  ])hor!p]ioru8  may  be  dfetilled  without 
takinir  lire  u\  ])erfo('tly  dry  air  or  oxygen.  The  introduction  of 
evoTi  a  t!-;i^'«-  of  nioistnre  oansos  it  to  burst  into  flame. 

An  I'Xi'lr.uiij  fitirtit  is  one  wliit^h  causes  oxidation.  Not  only  ozy- 
LTii  irsplf  i>  .-nch  an  airont,  hut  many  of  its  compounds  are  also. 
'Y\u\  may  bo  cvt'u  viijorous  snp|>orters  of  combustion,  as,  for  exam- 
ple, liyponi  Irons  ox  id.  N.O.  Among  the  common  oxidizing  agents 
an-  the  peroxids  and  porsalts,  and  the  oxids,  acids,  and  salts  of  nitro- 
pMK  chlorin,  broniin,  and  iodin.  Substances  which  contain  no  oxy- 
*H'\\  may  be  indiroctly  oxidizin.ir  a^ronts.  Such  are  the  halogens  and 
the  haloid  acids  in  the  presence  of  water.     They  act  by  taking  ilie 
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Irogen  from  the  water  and  setting  free  active  BaBcent  oxjgen* 
Te  may  dasslfj  oildiziug  agents  as  follows: 

1.  Oirygeo  and  ozon^, 

2.  Compoands  rich  iti  oxygen  and  unstable. 

3.  Sabstances  able  to  set  oxygen  free  from  water  or  other  cx)m- 
poatida. 

Uliistratloni. — The  efTect  of  oxygen  upon  oomboBtion  may  be  shown  in 
Tiuiuus  wi*ya*  In  oxygen,  a  splinter  with  a  spark  on  the  end  bursta  into 
fUme,  43tiaroojil  byrtts  TiTidly,  sulfur  burna  with  a  bnghC  bluia  flame^  and 
hefttc*U  bodium  and  potii^ium  take  6re  spontaDeou&ty.  StlU  more  brillmnt 
experimeuia  are  tnade  by  burning  iron  and  pbr>®pliorns. 

Hemov^  tlia  tempter  from  £(.  small  wateh-aj^ring  by  healing  it  to  rednesfl^ 
Vma  il  lb  rough  it  jitr-cover  and  at  inch  to  its  end  the  point  of  a  match  or 
dip  it  ill  mulled  sulfur.  Light  and  lower  it  quickly  in  a  jar  of  oxygen. 
Tbe  wire  will  burn  with  bright  aeint illations  und  molten  globul*^  of 
Iron  tetroxid,  Ft?,0^»  will  fall  to  the  bottom  of  the  jar,  mehing  bio  the  glass, 
The  bottom  may  b©  covered  with  sand  or  water  to  keep  the  jar  from  being 

Ttiis  experiment  may  be  varied  as  follows :  Let  a  jet  of  oxygen  pass 
thro(i{;b  ihf'  tlame  of  a  lanjp  and  hold  in  the  Hume  a  bundle  of  small  steel 
wires.    As  soon  as  the  wire  is  red -hot  it  burtia  in  the  jet  of  oxygen^ 

Place  a  small  hit  of  sulfur  or  phot^phorus  tu  a  combustion-spoon  (this 
may  be  made  by  attaching  a  piece  of  chalk  criijon  to  a  wire),  ignite  and 
Jowf»r  in  a  jar  of  oxygon.    The  sulfur  flame  h  a  deet>er  blue  than  in  the  air. 

^phogphi'tiiH  is  volatilized  by  the  hear  and  bnrua  throughout  the  Jar  with 

tVw*^  brilliMnrv.     The  pro<lucta  of  the  combustion  are  BO^  and  P,Oi* 

Physiological  Properties, — The  oxygen  of  the  air  is  the  sup- 
nf  animal  life-     Undiluted  oxygen  may  be  breathed  for  a 
fie,  hut  soon  produces  bad  effects.     Compressed  oxygen  acts  m  a 
|>ipon,  reusing  death  very  r|njckly* 

Respired  air  baa  gained  3  to  4  per  cent  of  carbon  dioxid  and 
4  to  5  ppT  cont  of  oxygen.     The  oxygen  passes  into  the  syatetn 
aiigli  the  bkiod*     A  substance  in  the  blood  called  hmnQghHn 
"cofnbines  with  the  oxygen  to  form  oxykmvioghhin.     In  this  form 
jTgi^n  i*  earried  to  the  tissues  of  all  parts  of  the  body,  where  it  ia 
in  oxidizing  carbon  and  hydrogen,  and  thus  developing  the 
ipat  and  energy  which  are  Tieceesary  to  life  and  activity, 

UMt* — The  uses  of  oxygen  are  almost  innumerable.     In  natore 
pis  the  stipporter  of  combustion  and  respiration.     Animals  obtain 
fTom  the  air,  and  diseohed  oxygen  supports  aquatic  life.     The 
littt  and  light  of  combustion  are  ntilized  in  ways  familiar  to  all. 
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Undiluted  oxygen  is  used  in  the  arts  for  accelerating  combustion 
and  securing  intense  heat  and  light.  It  is  also  used  as  a  mediciDet 
being  administered  in  cases  of  difficult  breathing,  as  in  croup, 
asthma,  and  asphyxia.  In  the  form  of  ozoue  it  is  a  powerful  disin- 
fectant. 

Oxygen,  in  connection  with  some  other  elements,  is  thechiel 
vehicle  for  the  transmission  of  energy  in  the  organic  world.  In  en- 
tering combiTiations  it  sets  free  energy,  and  in  leaving  combins- 
tions  it  stores  up  a  like  amount  of  energy.  By  the  influence  of 
sunlight  on  tiie  leaves  of  plants  oxygen  is  set  free  and  energy  stored 
in  the  tissues  of  the  plant.  This  energy  is  given  out  again  in  the 
burning  of  the  fuel,  thus  running  our  engines  and  lighting  snd 
warming  our  houses.  This  energy  is  also  utilized  in  the  assimilfr- 
tion  of  food,  the  oxygen  here  recombining  and  developing  that  force 
which  is  manifested  in  the  movements  of  living  beings. 

Tests.  —Free  oxygen  causes  a  glowing  splinter  to  burst  into  s 
blaze.  Passed  over  heated  metals  it  oxidizes  them.  It  is  absorbed 
by  an  alkaline  solution  of  pyrogallic  acid. 

Illustration.  -Into  a  long  tube  containing  a  few  cubic  oentimetera  of 
potassium  hydroxid  solution  drop  a  few  flakes  of  pyrogallic  acid.  Cover 
the  mouth  of  the  tnlx*  with  the  thumb,  shake,  invert  in  a  vessel  of  water 
ami  romove  the  tliiimb.  The  water  rises  in  the  tube  to  take  the  place  of 
the  oxygen  al)sorb(rd.  The  result  will  be  more  striking  if  the  tube  be  first 
tilh'd  Willi  oxyj^fu. 

Oxids.— ()xi<ls  are  somewhat  arbitrarily  divided  into  two  classes, 
liir  negative  oxiils,  called  also  anhydrids,  and  the  positive  oxids. 

'Y\w  negative  oxi.l.^^,  or  oxids  of  the  negative  elements,  are  gases, 
liquid.^,  or  solids,  usually  amorphous,  which  form  acid  solutions  in 
water.  E\-ani])les  are  sulfurous  oxid,  SO,,  gas,  and  phosphoric  oxid, 
P,0,.  solid.     With  water  they  form  snlfurons  and  phosphoric  acids: 

SO,  +  IT,0  ==  IL^SO,,         p^O,  +  H,0  =  2HP0,. 

Tile  positive  oxids,  or  oxids  of  the  positive  elements,  are  mostly 
aTiH»r])li(»us  solids  soluble  or  insoluble  in  water.  The  solutions  are 
bases  and  are  called  hjidnwidH,  Examples  are  potassium  oxid. 
K./.>,  ]H.tassiiim  liyclroxid,  KIIO,  calcium  oxid,  CaO,  calcium  hy- 
droxid, CadlO)... 
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OZONE. 

Formula  Oa.    Molecular  weight  48.    Density  24. 

Occurrence. — Ozone  occurs  in  small  but  varying  quantities  in 
the  atmosphere.  It  is  most  abundant  at  sea  and  in  the  country.  It 
is  almost  entirely  wanting  in  city  atmospheres^  because  the  organic 
matters  decompose  it  as  fast  as  it  is  formed.  The  quantity  in  the 
air  is  increased  during  thunder  storms  and  about  electric  machines. 

History. — Ozone  was  first  noticed  by  Van  Marum  iii  1785  in 
electrified  air.  In  1840  Sch5nbein  called  attention  again  to  this 
substance,  discovered  its  oxidizing  action,  and  showed  that  it  was 
produced  in  the  electrolysis  of  water  and  in  slow  combustion  of 
phosphorus  and  sulfur.  He  gave  it  the  name  ozone,  which  means 
a  sitiell.  The  investigations  of  De  la  Rive,  Becquerel,  Tait,  Fremy, 
Andrews,  and  Brodie  hav6  proved  it  to  be  modified  oxygen.  Its 
density  was  determined  by  Soret  in  1860. 

Preparation. — Ozone  is  formed  in  a  great  variety  of  ways, 
among  which  are  the  following: 

1.  By  the  action  of  intense  beat  upon  oxygen,  as  when  a  spiral  of  plat- 
inum is  heated  in  the  air. 

2.  By  the  evaporation  of  water.  This  accounts  for  the  large  amount  of 
ozone  in  the  sea-breeze. 

3.  By  the  action  of  sunlight  upon  the  essential  oils. 

4.  In  the  decomposition  of  carbon  dioxid  in  the  leaves  of  plants  the 
oxygen  set  free  contains  ozone. 

5.  By  the  electric  discharge  in  the  air  or  in  oxygen. 
♦    6.  In  the  electrolysis  of  acidulated  water  some  ozone  is  evolved  at  the 

positive  electrode. 

7.  By  slow  combustion  when  the  supply  of  oxygen  is  abundant. 

8.  By  the  action  of  a  strong  acid,  such  as  sulfuric  awd,  upon  highly  j'  ^ 
oxyprenized  bodies,  such  as  barium  peroxid  and  potassiunrpermanganate.    A  71'.  ^  ' 

For  the  preparation  of  ozone  by  the  electric  discharge  a  Sie- 
mens induction-tube  is  used.  This  consists  of  a  glass  tube  coated 
with  tin-foil  on  the  inside  and  surrounded  by  another  tube  coated 
with  tin-foil  on  the  outside.  The  outer  and  inner  coatings  are 
connected  with  the  wires  of  an  induction-coil,  and  as  the  current 
pa.98e8  a  stream  of  air  or  oxygen  is  passed  between  the  tubes.  The 
^ras  comes  out  strongly  ozonized.  In  the  simpler  apparatus  shown 
in  the  figure  one  platinum  wire  penetrates  the  tube,  while  the  other  «> 
is  coiled  around  it. 
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The  formation  of  ozone  by  slow  combustion  may  be  shown  by 
jiiuciug  pieces  of  phosphorus  in  the  bottom  of  a  flask 
uiid  half  covering  them  with  water  or  a  solution  of 
IHjUiasium  d!L'iixx>mate.  The  air  in  the  flask  will  soon 
^niL'll  of  ozone.  It  mav  also  be  shown  as  follows:  Poor 
u  few  dru]is  of  ether  into  a  tall  beaker  in  which  is  sos- 
|Hiiilt*ii  a  atrip  of  ozone  test-paper.  Lower  in  the  besker 
;i  glass  rod  which  has  been  heated  nearly  to  redness. 
'  Uzoiie  is  formed  by  the  slow  combostion  of  the  eAer 
uii'l  thf  test-paper  is  colored.  The  test-paper  is  made 
by  dipping  strips  of  paper  in  potassiom  iodid  starch 
solution. 

The  liberation  of  ozone  by  chemical  action  may  be 

shown   by   addin<;    barium   diosid   or  potassium   per- 

_^  iiiau^'smate  to  a  little  strong  sulfuric  acid  in  a  flask  or 

^^^     I     lK)ttle.     lu  a  few  minutes  the  air  in  the  Yessel  smdls 

^-f)    strouprly  of  ozone. 

Fio.  50.  Physical  Properties. — Ozone  prepared  as  above  is 

largely  diliite<l  witli  oxyiren   or   air.     Only  about  twenty-flve  per 

cent  of  oxyiren  can  be  coiiveneJ  into  ozone  by  the  electric  current. 

O/oiie  is  a  gus  with  a  faint  blue  color  and  a  penetrating  chlorin- 

liki-  odor.     It  lias  i;ot  bfiii  obiaint-d  free  from  oxygen,  but  Soret 

found  its  d«Hslty  by  observing  tlic  amount  of  condensation  which  a 

given  «iuaniiiy  of  (»xyi:.ii  uiulertroos  and  the  amount  of  ozone  pro- 

ihu'i'd,  and  also  by   tlu-  rate  of  its  dififusion.     The  density  thus 

fouinl  was  v!4.     Its  niole'ular  formula  is  therefore  0,,  with  a  prob- 


It  <:radually  passes  back  to  oxygen,  and  at 


O 
able  structnri'   /    \    . 

0 0 

V^(^°  the  rban^'o  takrs  ]»laoe  at  once.  It  is  slightly  soluble  in  water, 
but  in  ]i:i<-in.L'  into  sc»hition  it  is  mostly  decomposed.  Two  hmn- 
dn-il  voliuins  of  water  «lissolve  one  volume  of  ozone. 

Li«jr.iil  nzon,'  i-  obtaim-d  by  passing  ozonized  oxygen  through  a 
small  tub«'  immorsi'd  in  boiling:  oxyiren  (—  182®).  It  is  of  a  deep 
blue  color  and  boils  at  —  lOO"".  It  is  unstable  and  liable  to  ex- 
plode. It*  t'lu'losod  in  a  tube,  it  changes  to  a  blue  gas  which  be- 
conif's  a  liijuid  airain  in  boilin?  ethylene. 

Chemical  Properties.— The  chemical  properties  of  ozone  are 
sini])ly  thosi'  of  oxvijen  greatly  intensified.      It  is  an  energetic  oxi- 
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diziug  agent  at  the  ordinary  temperature.  It  attacks  orgauic 
matter^t  eveti  rubber  and  paper^  and  most  metals  are  uiidizt*d  hy  its 
actioiL  Silver  and  lead  are  made  im'oxkle^  and  pliospliorus, 
sulplnir,  and  ameuie  in  the  presenco  of  moisture  are  converted  into 
phoaphoric*  sal f uric,  and  ar^enie  acids.  Ammonia  is  changed  to 
^b|rtrte  aud  luirous  acids,  lower  oxides  are  traoBlomied  iuta  higher 
^^ned,  and  iodin  u  set  free  from  potassium,  iodid.  Mercury  iu  it^ 
^H|rGseuce  raruiahei  at  once  and  adheres  to  the  yessel  containing  it. 
^^Bydrogon  an) fid  and  organic  gases  in  the  atmosphere  are  dt'com- 
H^o^ed  by  it.  It  bleaches  vegetable  colors,  such  as  litmus  and  indigOi 
and  turns  alcoholic  solution  of  gnaiaeum  blue*  Fhyaiologically  it  is 
poisonous,  irritatiug  the  mucous  membrana 

Ozone  is  simply  allotropic  oxygen ^  in  which  three  atoms  have 
betjn  condensed  into  one  molecule.  The  action  is  endotliermie,  and 
this  ticcoinits  for  the  instability  of  ozoue  and  thediftlculty  of  iis  for* 
mation,     Tiie  thermal  and  volumetric  equation  of  its  formaiion  is 

0,      +     0      =      0,  -  32,400  cal- 
%  vols.  4*  i  vol,  =^  *^  vols. 

The  activity  of  ozone  is  due  to  its  instability  and  the  ease  with 
rhich  it  gives  up  one  atom  of  its  oxygen,  0^  =  0^  +  0,      This 

nascent  oxygen  atom  or  ion  is  the  active  oxidizing  agent. 

lUtatrationt.— Lower  into  a  jar  of  OBoojaed  sir  a  bright  silver  coin.  It 
tarni*U*>:  with  formation  of  silver  peroxid,  AgiO,.  Bepeat  the  experiment 
with  TDiTrctiry. 

PflM  o^ci\m^\  air  through  aokuion  of  litmus  or  indigo. 

Note  the  action  on  iKitiuaaium  iodid  starch  paper  and  on  paper  stained 

black  by  lead  atilfld.    The  first  m  colored  blue  by  the  imJin  which  is  set 

aad  the  second  is  bleached  by  the  conversion  of  lead  aulfld  itito  lead 

2KI  +  H,0  +  Oi  =  2EH0  +  0,  +  I,. 

PbS  +  40,  =  PbSO,  +  40. 

Ifses. — In  nature  ozone  acts  as  disinfectant,  destroying  no^ona 
in  the  air.  The  tonic  and  curative  effects  of  st^a-breeze^  and 
nonntain  air  are  not  due  to  the  effect  of  ozone  upon  the  system* 
to  it^  purifying  influence  upon  the  atmosphere.  In  the  arts  it 
a  limited  use  as  a  bleacldng  and  oxidizing  agent 
Tests.— OsjofitMarocrrgnisted  by  its  oflor*  its  hi  each  inland  axidiz- 
action*,  and  its  action  with  test-papers.    The  potassiumModirl- 
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starch  und  gimiacum  papers  are  also  blued  by  chlorin,  bromin,  nitro- 
gen dioxid,  uud  some  other  substauces.  To  distinguish  osone  from- 
these,  expose  to  the  action  of  the  gas  a  strip  of  red  litmus  paper 
which  has  been  dipped  in  i)otassium  iodid  solution.  If  ozone  is 
present,  the  potassium  hydroxid  formed  will  color  the  litmus  bluOi 

Valence  of  Oxygen. — In  all  its  ordinary  combinations  the 
valence  of  oxygen  is  two.  lieceut  investigations  show  that  in 
certain  organic  conii)ounds  it  has  the  valence  four.  It  has  been 
suggested  also  that  ozone  may  be  an  oxid  of  oxygen  with  the 
formula  00,  or  0-  -0=0>  one  of  the-oxygen  atoms  being  tetrava- 
lent.  It  is  probably  the  extreme  negative  quality  of  oxygen  that 
prevents  its  acting  with  the  higher  valences. 

Oxygen  lon.^-Oxy^on  doos  not  readily  pass  to  the  condition 
of  the  I'lcmontiil  i<in  ()".  Its  tondoncy  Is  to  unite  with  other  ele- 
monts  to  form  conipl(»x  ions.  S()hiti()ns  of  the  basic  oxids  contain 
tho  hyilioxyl  i<»n,  <»r  complex  basic  ions,  such  as  BiO* ;  while  the 
acidic*  oxi<ls  yield  the  various  a<^id  ions,  such  as  NO,',  SO/',  etc. 
Tlu'  h(»at  i)f  formation  of  the  oxygen  ion  from  molecular  oxygen  ii^ 
21,000  calorics. 


CHAPTER  XIX.  V^ 

OXroS  OF  HYDROGEN. 

There  are  two  oxids  of  hydrogen  with  name,  formnla^  and 
trncture  as  follows  : 

Hydrogen  oxid,  water,  n,D  or  H — 0 — H. 

Hydrogen  peroxid,  free  hydroxyl,  H,0,  or  H — 0 — 0 — H, 

The  first  is  the  regular  saturated  compound,  and  the  second  is 
ormed  by  the  union  of  two  hydroxyl  radicals,  (HO),.  In  both 
ormulas  the  valence  of  hydrogen  is  I  and  that  of  oxygen  II. 

WATER. 

Formula  HjO.  Molecular  weight  18.  Density  9.  Specific  gravity  of 
apor  (air  =  1)  0.6208.  Greatest  density  at  8.9*.  Liter  weighs  1000  grami. 
k)ils  at  lOO*.    Freezes  at  0**.    Standard  of  specific  gravity. 

Occurrence, — Water  is  the  most  universally  distributed  and  the 
nost  abundant  of  all  substances.  It  saturates  the  soils,  rocks,  and 
ktmosphere,  and  the  excess  rests  upon  the  surface  of  the  earth,  mak- 
ng  the  oceans,  lakes,  and  rivers.  It  penetrates  all  solid  bodies,  and 
here  is  absolutely  nothing  dry  in  nature. 

Water  may  simply  adhere  to  solids,  or  it  may  enter  as  a  con- 
tituent.  All  solid  surfaces  are  covered  with  a  layer  of  moisture 
leld  by  adhesive  attraction.  This  is  called  hygroscopic  moisture^ 
^d  its  quantity  varies  with  the  amount  of  moisture  in  the  air.  At 
.00**  it  is  all  expelled  and  the  surface  is  left  dry.  It  is  for  this 
eason  that  in  accurate  weighing  the  body  is  heated,  and  then 
ooled  in  a  desiccator  (a  closed  vessel  with  its  contained  air  kept  dry 
\y  strong  sulfuric  acid)  before  the  weight  is  determined. 

Water  of  constitution  is  not  confined  to  the  surface,  but  permeates 
he  whole  mass.  It  may  be  simply  a  loose  molecular  union,  as  in  the 
ase  of  water  of  crystallization,  or  it  may  be  a  closer  chemical  union, 
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as  m  the  oombi nation  of  watar  with  oxid^  to  niake  aoidfi  and  hm^^ 
and  ia  die  case  of  the  water  contained  in  organic  subatances- 

The  per  cent  of  water  found  in  various  associatious  ia  as  folloffi: 
Adherent  moisture : 

8oi) ...... h  to  20  per  oant  Dry  earth 1  to  5  i>eF  cent 

Water  of  crystallization: 

Common  siUt  at  —  8%  HaCl^SHiO,  .*.,•.*. .381  per  cent 

Epftom  salts,  MgSO«.7HaO , .52.5 

Water  of  constitution  and  adhesioD  : 

Dry  wood, .   .  10  to  30  per  cent     Green  plants . ,  75  to  90  per  cent 

Human  body .  75  to  SO       *  *  Bcefateak 75  *  * 

Bread. ,, , 80  to  40       **  Fruits 80  to  95      " 

History. — Until  near  the  close  of  the  eighteenth  century  water 
was  reganled  as  a  simple  or  elementary  stibstaoce.  About  1781 
Cavendish  showed  that  when  hydrogen  and  oxygen  were  burned 
together  water  was  produced,  and  also  that  they  united  in  about 
the  proportion  of  two  volumes  of  hydrogen  to  one  of  oxygen. 
In  1783  Lavoisier  determined  the  composition  of  water  by  weight 
and  obtained  results  which  were  not  very  far  wrong.  lu  1S05  the 
exact  volume  cora position  was  determined  by  Gay*Lussac  and  Hum- 
boldt, and  the  ratio  of  combination  by  weight,  one  of  hydrogen  to 
eight  of  oxygen^  was  found  by  Ber^ielitis  and  Dnlong, 

Preparation. — Water  is  one  of  the  protluctsof  a  great  many 
chemical  reactions,  but  because  of  its  abundance  free  the  methods 
by  which  it  is  formed  are  of  simply  scientific  interest-  The  only 
one  we  need  note  here  is  its  synthesis  by  the  direct  union  of  hydrogen 
and  oxygen. 

When  hydrogen  is  burned  in  air  or  oxygen,  water  is  the  8ole 
product  of  the  combustion.  As  is  indicated  by  the  valence  of 
hydrogen  and  of  oxygen  and  by  the  formula  of  water,  the  gases 
unite  exactly  in  the  proportion  of  two  volumes  of  hydrogen  to  one 
of  oxygen  and  one  part  of  hydrogen  to  eight  of  oxygen  by  weight. 
These  facts  are  expressed  in  the  equation 

n,  +  0  =  H,o,  n^    +   0    ^  H,o. 

2    +  16  ^    13  2  vols,  +  1  vol,  =  2  vols. 

Three  volumes  become  two,  that  is  the  steam  formed  only  occupies 
two  thirds  the  volume  of  the  gases  which  formed  it. 

The  reaction  is  intensely  exothermic.  The  heat  of  formation  of 
steam  is  68,C[^tJ  calories^  and  the  heat  of  condensation  of  steam  to 
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water  ii  0|67O  caloriee.    The  total  beat  of  formsitioD  of  watar  tbeii 
is 

H,  +  O  =  H^O  +  68,360, 

Tfaii  means  that  in  baming  two  grams  of  bydrogon  beat  enongb  is 
efoWed  la  niise  684  gmras  of  water  from  O""  to  1 W. 

When  a  mixture  of  hydrogen  and  ozygeo  m  ignited  the  gssea 
ibino  with  a  violent  explosion  and  a  deafening  noise.  When  the 
ro  gases  are  burned  together  in  the  proper  proportions  from  a  jet 
the  temperature  m  the  highest  which  can  be  obtained  by  com  bus. 
tioB,  sufiieient  to  melt  platinum  easily.  Thia  is  called  the  axyhydro- 
gen  flams.     It  was  first  used  by  Hare  of  Philadelphia  in  1801,     U 
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lis  flame  be  allowed  to  play  npon  some  infaaiMe  snbetanee,  as 
quicklime,  an  intense  white  light  is  produced.  This  is  called  the 
Umc'Kghif  and  Is  used  for  projecting  pic tn  res  on  the  screen, 

nhiitmtioos.— To  sbow  the  farnjation  of  wat^r  burn  a -jet  of  hydrogen 
to  a  tobe  or  tinder  a  bell-^class.  The  glass  is  iramediately  dimmed  with 
tiM>fatnre,  whfeh  9<*on  ©ollects  in  dropft. 

To  show  the  detonation  of  the  mixed  gases  fill  a  rubber  bag  half  full  of 
h^rof«ti«  then  add  half  as  moch  oxygen,  l^et  the  mixture  flow  out 
throtiirh  a  tube  into  a  dish  of  warm  soapsuds  so  a&  to  All  the  dish  with  bub- 
ble*u  Hemore  the  bug  f^  a  distance  and  then  apply  a  lighted  taper  to  the 
tabbies. 

To  show  the  action  of  the  oxy hydrogen  flame  provide  two  g&8<bsps  or 
4K)ldrT«  filled  the  one  with  hydrofcen  and  the  other  with  oxygen,  and  an 
0[^hydmg(«n  btowpfpo  or  jet*  This  Is  a  jet  with  a  platinum  tip  and  a 
eican  cbamtjer  nt  its  base  Into  whieb  the  jrnses  are  in  trod  need  and  miiwl 
before  paifeitti^  out  through  the  jet.  The  ^ases  are  made  to  flow  by  a  gentle 
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pressure  and  so  regulated  by  stopcocks  as  to  iusure  the  pn^wr  propoi^ 
tions.  The  hydrogen  is  turned  on  first  and  lighted,  then  the  oxygen  ii 
slowly  admitted.  The  flame  is  in  its  proper  condition  when  it  is  redoeed 
to  its  smallest  size  and  burns  with  a  slight  fringe  of  burning  hydrpgOL 
Metals  introduced  into  the  flame  melt  at  once  and  many  of  them  bam  rig- 
orously. Platinum  is  melted,  a  watch-spring  bums  vividly,  and  sinmU  pisoei 
of  cast  iruii  held  on  charcoal  yield  brilliant  scintillations.  A  small  fing- 
ment  of  lime  or  limestone  gives  the  lime-light  City  gas  may  take  the 
place  of  hydrogen. 

Composition  of  Water. — ^The  volumetric  composition  of  water 

may  be  donioustrated  by  both  analysis  and  synthesis. 

The  analytic  determination  is  made  by  electrolysis.    Water  aoidnlated 

with  one  tenth  its  weight  of  snlfarie 
acid  is  placed  in  a  decomposing  appara- 
tus and  a  strong  electric  current  passed. 
The  oxygen  collects  in  the  tnbe  contain- 
ing the  positive  electrode,  and  the  hydn^ 
gen  in  the  other.  After  the  water  has 
become  saturated  with  the  gases  the  hy- 
drogen tube  will  be  seen  to  fill  jnst  twice 
as  rapidly  as  the  oxygen  tube. 

For  the  synthesis  of  water  an  appa- 
ratus called  the  eudiometer  is  employed. 
This  is  a  U  tube  with  one  limb  closed 
and  carefully  graduated  and  pierced  with 
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pint  in  urn  wiroH  wliich  almost  meet  within.  The  tnbe  is  filled  with  meN 
cury  and  a  siflo  tube  and  stopcock  permit  the  easy  regulation  of  the 
hoi^rlit  of  tlio  morr'ury  column.  Oxyjfon  is  introduced  by  means  of  a  tube 
FJ'arliin;,'  to  tho  bond  of  tlio  eudiometer  and  the  volume  carefully  noted  on 
tlie  graduated  !u1.m».  Katlier  more  than  twice  as  much  hydrogen  is  now 
introdiK'od  and  the  combined  volumes  noted.  In  every  case  before  read- 
ing the  volume,  tlic  mercury  must  be  adjusted  to  the  same  level  in  both 
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11  m be  in  order  thai  ili@  yolnmes  may  be  taken  under  the  atmoBpberic  pre&* 
8iir««  CoriDGCt  the  wires  with  t be  pol^  of  a  Ruhmkorff  coil,  hold  the  thurab 
firm  I J  over  the  oi>©n  etid  of  the  tube  and  complete  the  circuit  The  gases 
combine  with  eiplosiotif  the  steam  formed  condenses  to  water,  and  Ihe 
mefctirj  rises  in  the  tube.  Adjust  tlie  level  of  the  mereiiry  and  read  Ihe 
ToUitne  of  the  residual  hydrogen.  The  small  volume  of  waier,  produced 
may  be  neglecttid  in  this  determination.  It  will  be  found  that  exactly  two 
Tolumcs  of  hydrogen  and  on©  of  oiygen  have  disappeared.  Example  s 
10  oc,  of  oxygen  aud  26  oc,  of  hydrogen  were  used  and  6  ec,  of  hydrogen 
remained. 

In  order  to  determine  the  volume  of  steam  produced  the  temperature 
of  the  apparatus  must  be  raised  above  tOO*,  This  is  accomplished  by  en- 
oloaing  the  graduated  limb  with  another  tube  and  passing  between  them 
|]|0  vapor  of  some  liquid  which  has  a  higher  boiling-point  than  water,  as 
ftmyl  alcohol  or  anilin.  After  che  explosion  and  the  measurement  of  the 
re%idual  hydrogen,  the  tube  is  heated  until  the  water  is  all  converted  into 
Btaam  and  the  steam  has  acquired  the  temperature  of  the  surronndiug 
Taper.  Tlje  volume  is  measured^  corrected  from  the  temperature  of  the 
▼apor  (amyl  alcohol  about  130*)  to  that  at  which  the  first  measurements 
wore  made,  and  the  residual  hydrogen  subtracted;  the  remaiutler  wd!  be 
the  volume  of  steam.  It  will  be  found  to  be  two  thirds  of  the  volume  of 
the  hydrogen  and  oxygen  used.  There  is  a  condensation  of  one  third  of 
the  vein  me. 

^e  composition  of  water  by  weight  k  conveniently  determined  by  syn- 
thesis in  tlie  reduetton  of  copper  oxid,  CnO  +  Hj  =  Cu  +  HjCh  A  weighed 
portion  of  the  oxid  is  heated  in  a  current  of  pure  dry  hydrogen  and  the 
water  produced  collected  and  weighed.  The  copper  oxid  is  also  weighed 
after  the  action.  The  loss  in  weight  of  the  oxid  is  the  oxygen  tiRed,  and 
this  anbtraoted  from  the  water  is  the  hydrogen.  Example  \  S.35  grams 
OaO  last  1.12  gmms  of  O  and  formed  1.26  grams  of  H,0,  TheH  ua^  was 
therefore  \M  —  1.12  =  0. 14,  and  0.14  :  1.12  : :  r :  8,  the  combining  weigh ta 
of  hydrogen  and  oxygen.  Since  the  moleenle  of  water  is  IS,  it  mnst 
contain  2  of  H  and  16  of  O,  but  %  of  H  meant  %  atoms  and  we  have  the 
forrouU  Fl,0. 

Physical  Properties.— Water  ia  an  odorieaa,  tasteless,  limpid 
lifiuid  which  boils  at  100''  and  freezes  at  O*'.  Its  critical  tempera.- 
tnrtt  h  a7U°  and  its  critical  presstire  195,5  atmospheres.  It  is 
practieifclly  colorlosfl,  but  when  viewed  in  large  bodies  bj  either 
transmitt4id  or  reflected  light  it  Is  greenish  blue.  The  color  of 
Kim'tjtrial  waters,  lakes,  rivers,  and  seas,  is  mainly  due  to  mis- 
peuded  mattore.  Water  is  a  poor  conductor  of  heat,  but  better 
tha»  any  otho?  noii'metallic  liquid.  It  te  a  bad  conduotor  of  elec- 
tricitj,  and  not  an  electrolyte  until  acidtilated.     It   is  slightly 
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compressible^  1000  volumes  becoming  999.95  volumes  under  a 
pressure  of  one  atmosphere.     Its  index  of  refraction  is  1.3338. 

Being  abundant,  stable,  easily  obtained  in  a  very  pure  statCi 
and  presenting  constant  properties  under  constant  couditions, 
water  is  well  adapted  for  use  as  a  standard.  It  is  the  standard  for 
tempeniturts  specific:  gravity,  and  specific  heat,  and  is  the  basis 
for  the  metric  system  of  weights,  the  gram  being  the  weight  of 
one  cubic  centimeter  of  water  at  its  maximum  density.  Its 
capacity  for  heat  is  greater  than  that  of  any  other  substance,  and 
all  specific  heats  except  that  of  water  are  fmctions. 

Water  is  almost  a  universal  solvent.  It  Ls  the  most  powerful 
of  all  ioiiizini?  ii'rent^s.  Its  own  dissociation  hito  the  ions  H*  and 
110'  is  extremely  small. 

Purification  of  Water. — All  natural  waters  contain  impurities 
which  give  them  their  characteristic  taste  and  quality.  The  most 
importimt  dissolved  siibstui ices -are  as  follows: 

Giwos:  Oxygen,  nitrogen,  carbon  dioxide,  and  ammonia. 

Liquids:  Karely  found. 

Solids:  Organic  matters  and  mhieml  matters.  Of  the  latter 
the  most  commun  are  carbonates  and  sulfates  of  calcium  and 
magnesium,  and  «'lilorids  of  sodium  and  potassium. 

AViiter  m:iy  l)c  almost  entirely  fn*i*d  from  solids  by  distillation, 
and  may  be  kej)t  so  indefinitely  in  clean  vesfc?el8.«  All  the  gases 
above  meiitioiird  are  driven  off  at  the  boiling  temperature,  but  are 
reabsorlu'd  a^rain  on  exposure  of  thii  water  to  the  atmosphere. 
1'lie  lirsi  third  of  a  distillate  contains  these  gases,  the  last  third  is 
liable  to  contain  p:ases  rcsultintr  from  the  decomposition  of  organic 
matter,  tin*  middle  Ihird  is  practically  free  from  solids  and  gsises. 
'I\»  get  water  absolutely  free  from  ammonia  two  or  throe  distilla- 
tions an*  ne<essary,  the  lirst  and  last  thirds  being  rejected  each 
time. 

Illustrations.  T>issolve(l  solids  nuiy  Ix^  shown  by  evaporating  a  little 
well-  or  pip«*  w.iter  to  <lryiioss  in  a  disli.  The  dissolved  gases  separate  in 
litt1«^  biihMi'^  as  wMtor  appronohes  llie  boilintr-point. 

Water  Vapor  and  Vapor  Tension. — Water  is  volatHe  at  all 
tem))er:itiires.  Kv(^n  ice  slowly  evaporates  although  its  tempera- 
ture be  l<«-pt  below  0''.  Tlie  rapidity  of  evaporation  increases  with 
tlie  temperature  and  diminishes  as  the  pressure  and  the  tension  of 
the  vapor  already  in  the  atmosphere  increase.     When  the  air  is 
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no  eraponition  takes  place,  or  rather  aa  many  moleculea 
fall  into  the  surface  of  the  liquid  0,9  leaye  it*  Air  becomes 
aatumtml  ander  a  certaiu  teiision  which  varies  with  the  tempera- 
ture* The  tension  at  eeyeral  temperaturea  in  millimeters  of 
mercury  is  m  follows:  at  —  10°,  ^.1  mm.;  at  0*",  4.6  mm.;  at 
10%  1L2  mm.;  at  20%  17*4  mm.;  at  50%  93  mm*;  at  100%  760 
mm*»  or  I  atmosphertj;  at  120* 6"",  2  atmospheres;  at  180%  10 
atmospheres;  at  213%  20  atmospherea;  at  :^24.7%  25  atmospheres; 
at  370",  195.5  atmospheres- 
Steam*— On  being  heated  to  IOC  water  boils  and  is  rapidly 
converted  into  iteam.  Tlie  boiling-point,  however,  varies  with 
the  presstire.  The  table  of  vapor  tenaiona  ia  at  the  same  time  a 
table  of  boiling-points  at  the  corresponding  pressurea.  The  heat 
of  vaporization  m  bM,b  ealiirius;  that  is,  in  converting  on©  gram 
of  M^ater  into  steam  enougb  heat  is  absorbed  to  raise  53fi,5  grams 
of  water  through  one  degree.  One  volume  of  water  at  100** 
becomes  161*0  Tolumes  of  steam  at  the  same  temperature. 

^team  h  a  (**jlorici^H  gits,  nf  wiiich  the  theoretical  density  m  9. 
At  ItXP  and  760  nun,  its  8pci*ifit^  gravity  is  0.458.  and  a  liter  weighs 
0.5022  grtum.  STeani  h  inviml>le:  what  is  pnputarly  known  by  tlic 
iiatne  tis  the  visible  clouf!  ftirntetl  by  the  condeiiBation  of  the  steam 
into  minute  droplets  of  water. 

Ice. — As  water  is  cooled  its  volume  diminishes  and  its  density 
increases  until  4'  is  reuihed.  On  further  cooling  the  volume 
increaaes  and  the  density' dhninishes  to  0*^,  when  it  begins  to 
solidify*  At  4'',  then,  or  more  aecu ratel j  at  3,945'',  water  lias  its 
gn"catest  density.  The  artual  change  from  4^  to  0'^  ia  about  one 
hundredth  of  one  per  cent  or  one  part  in  10,000.  The  density  ia 
tho  8iim^  at  0^  that  it  ia  at  8^. 

As  water  solidifies  it  eitpands  about  one  tenth  its  volume^  100 
Tolumesi  beeoming  109.08  volumes  of  ice*  The  specific  gravity  of 
ice  is  therefore  0*91 137-  The  force  of  this  expansion  is  enormous* 
It  C5ans*^  the  bursting  of  water-pipes  and  exerts  a  powerful  influ- 
jOTico  in  th«*  disintegration  of  rocks  in  winter  weather.  As  water 
»lidifles  heat  is  given  out,  and  as  ice  melts  heat  is  absorbed  to  the 
^mr^nnt  of  70  calories;  that  is,  a  gram  of  ice  at  O""  in  melting  to  a 
;rnim  of  water  at  0^  absorbs  heat  enough  to  raise  the  same  gram  of 
water  from  0"*  to  79% 

When  a  hirger  body  of  water  is  exposed  to  cold,  the  surface 
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layers  increase  in  density  and  sink  to  the  bottom.  A  circulation 
.is  thus  set  up  which  keeps  the  whole  mass  at  about  the  same  tern* 
peratiiffi  until  4  is  reached.  Below  this  temperature  the  surface 
layers  lK.'r(>iiie  li^^hter,  tloat,  cool  rapidly,  and  freeze.  As  ice  is 
added  to  the  nhcct  Ix'low  a  large  amount  of  heat  of  solidification 
is  given  to  the  underlying  water  and  thus  the  freezing  is  retarded. 
The  reusoTi  certain  hirge  bodies  of  water  do  not  freeze  is  because 
the  cold  does  not  continue  long  enough  for  the  whole  mass  to 
reach  the  4  tenipeniture.  If  water  continued  to  contract  on 
cooling,  it  would  remain  liquid  until  the  whole  reached  zero  and 
then  would  freeze  solid. 

Under  certain  circumstances  water  remains  liquid  at  tempera- 
tures  con.^iderably  below  0"".  With  diminished  atmospheric 
pressure  water  may  be  cooled  to  —  12';  boiled  water  protected 
from  dust  to  —  I»  ;  Sorby  cooled  water  in  a  capiUaxy  tube  to 
—  15' ;  Houssingsiult  lowered  the  temj^eniture  of  water  in  a  closed 
steel  cylinder  to  —  24'.  In  these  -Ciisi*8  the  slightest  jar  or  the 
introduction  of  a  solid  ])article  causes  instant  solidification,  the 
tem])cruture  rising  at  once  to  0\ 

Wliile  the  frcezin;:-j)oint  of  water  is  liable  to  vary,  the  melting- 
point  rcniuins  constant  at  0".  Under  increased  pressure  the 
nieltin;:  tcmpeniturc  is  Uiwcred  O.00T4-  for  each  atmosphere. 

Ice  i>  traiisiiiirent  and  colorless.  In  krge  masses  it  is  greenish 
bhic  like  Aviitcr.  It  is  a  poor  conductor  of  both  heat  and  elec- 
tririt y.  It  is  usually  purer  than  the  water  from  which  it  is  formed, 
tin-  solid  matters  bein":  mostly  rejected  as  the  water  freezes.  Its 
refrjH-tion  in<h'X  at  0    is  1. .'»*{)?. 

Ice  crystallizes  in  rhombohedrons  ])elonging  to  the  hexagonal 
system.  Snow  crystals  assume  beautiful  shapes  and  are  mostly 
comiKtsed  of  needlrs  taking  the  direction  of  the  three  horizont^ 
axes  of  tlie  hexjiir'Hial  i>rism. 

Chemical  Properties.  —Water  is  quite  stable,  but  at  the  same 
time  rhemirally  very  active.  In  connection  with  substances  which 
combine  with  hydrogen,  as  chlorin,  broniin,  and  iodin,  it  acts  as 
an  oxidizing  agent.  It  is  decomposed  by  many  metals,  as  potas- 
sium, sodium,  <\il(rium,  and  iron,  with  the  liberation  of  hydrogen. 
I)issociatic»n  hcL'ins  at  lOOO''.  but  is  only  half  complete  at  25bo®  It 
is  a  j)o^verflll  catalytic  and  ii>nizing  agent,  and  is  itself  ionized  only 
to  the  extent  of  one  nud  in  10.000,000  liters. 
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The  most  importaDt  chemical  action  of  water,  howeTer,  m  found 
IB  its  dirtict  union  with  other  subetance^.  Three  elagsefi  of  corn- 
pouuda  thua  ariae. 

1.  The  union  is  a  perfect  chemical  one,  and  the  action  ia 
generally  strongly  exotbermie.  This  is  illustrated  by  the  union  of 
positive  and  negative  oxids  with  water  to  farm  baeeg  and  acids: 

Ka,0  +  H,0  =  2NaH0  +  55,000  caK 
SO,  +  H,0  =  H,SO,  -i-  31,400  cah 

2»  The  union  is  a  molecular  one,  as  in  the  multitude  of  hydrates 
which  may  be  obtained  by  the  evaporation  of  aolutiona.  Here  the 
water  is  usually  present  m  water  of  crystallization,  and  the 
quantity  is  eomewhat  dependent  upon  the  temperature  at  which 
the  crystallixfition  takes  place.  Sodium  carbonate  at  about  13"^ 
takes  10  molecules, of  water,  NttjjCO^,  lOH^O,  while  at  higher 
temperatnrei  it  takea  8,  7,  or  even  only  5  molecules, 

Many  substances  which  crystallize  at  or  above  the  ordinary 
temperature  without  water  form  hydrates  at  low  temperatures. 
Such  are  oalled  cr^oh^drates.  Common  salt  is  ordinarily  NaCL 
Crystallized  at  —  7°  it  has  the  composition  NaCl,2n,0#  and  at 
-23  it  is  NaCl,10H,0. 

3-  Solntions.      These  may  be  chemical  unions,  hydrates  or  mix- 

turet,  and  it  is  hard  to  draw  the  line  between  them.     That  there  is 

.,jgenera]ly  chemical  action  is  evidenced  by  the  thermal  changes. 

The  action  may  be  endotherraie,  but  is  more  nsually  exothermic. 

Tests,— -Water  is  recognized  generally  by  its  physical  properties. 
It  gives  a  blue  color  with  anhydrona  copper  sulfate, 

DieSt^The  ufios  of  water  are  too  manifold  for  enumeration. 
The?  may  be  clasaified  ag  (1)  chemical ,  {2)  mechanical,  (3)  cleans- 
ing, and  (4)  nntritiYe, 

1.  The  chemical  uses  of  water  have  been  sufficiently^ indicated 
under  i\w  head  nf  Chemical  Properties. 

%*  As  a  mechanical  agent  water  is  far-reaching  in  its  effects, 
Oeologically  !t  ha»  determined  the  present  features  of  the  earth* 
Thrmigh  erosion,  transportation,  and  deposit  it  has  worn  down 
mountains^  cut  out  cafions  and  gorges,  and  filled  up  Talleys  and 
pljuns.  In  the  arta  it  is  used  both  as  a  source  of  energy  and  as  a 
troafiporting  agent. 
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3.  As  a  cleansing  agent  water  is  a  necessity  In  domestic  and 
public  life.  It  is  the  sanitarian  ^s  strong  right  ami,  and  the 
scavenger  which  makes  the  modem  city  inhabitable. 

4,  As  a  nutritive  agent  it  constitutes  one  of  the  most  impor- 
tant of  the  foods  of  bath  plants  and  animals,  and  it  m  the  carrier 
which  brings  all  parts  of  the  living  body  into  communication. 

Steam  is  a  warming,  solvent,  and  chemical  agent,  but  its  chief 
use  is  in  the  steam-engine  m  a  source  of  power. 

Ice  is  used  mainly  as  a  refrigerant.  It  is  manufactured  la 
large  quantities  im  domestic  use  and  is  one  of  the  great^t  of 
modern  hixuries. 

Natural  Waters. — All  terrestrial  waters  are  more  or  less  impure. 
We  may  classify  them  according  to  the  character  and  amount 
of  disisolved  matter  into  (1)  sea-waierB^  (2)  miTwral  waters^  and 
(3)  /reaA  wYiiers. 

L  Sea-imters. — One  thousand  grams  of  sd^-waler  contains  on 
an  average  about  35  grams  of  dissolved  solids,  chiefly  sodium 
chloride  and  has  a  specific  gra\^ty  1.03,  In  certain  inland  lakes 
which  have  no  outlet  the  mineral  content  Is  greatly  increased  by 
evaporatiini,  Tlie  number  of  grams  of  dissolved  solids  in  lOOO 
grams  ijf  several  waters  is  as  follow^s; 


Mediterranean  Sea  , 
Dead  Sea 


40.00      Elton  Lake,  Russia,  ...  271 ,44 
228,57      Great  Salt  Lake,  Utah.,  319,71 


Sea-water  from  the  British  Channel  contains  in  parts  to  1000: 

Sodium  chlorid ,  . 27.059  Potassium  clilorid. , .  *     0,766 

Ma|2^ueiiiuHi  ciilorid.  _     3.666  Cnleium  tarlmmite,...     0,033 

Majj^pi^^linu  i^iilfafc  .     3.290  Magnesium  brom id,. ,     0  029 

Caldum  sulfate. 1,406  Total  solids  ...___  35.255 

2.  Mineral  Tl'ff^pr*?.— Those  do  not  necessarily  contain  a  large 
amount  of  dis&olvt?d  matters,  but  rather  have  some  one  or  more 
partirnhir  suhstancea  in  excess,  either  gaseous  or  soLid^  which  gi%'e 
the  waters  their  peculiarities  and  often  make  them  mediciuaL 
These  waters  may  be  conveniently,  thongh  not  very  scientifirany, 
classified  according  to  the  leading  constituent  into  the  following 
groups: 

Carbotwifd  waters^  which  contain  much  carbon  dioxid  and  car- 
bonates.     They  are  often  also  strongly  saline. 

Snlf7ir  f voters,  which  have  hydrogen  enlfid  in  solution  and  are 
usually  rich  in  sulfates. 
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AlkaUne  wattrs^  which  are  rich  in  alkaline  carbonates,  especially 
iium  carbonate^  and  often  ooctaiB  muck  aodium  chtorid  and 
rbon  dbxid. 

Saline  mikfitf  in  which  sodinm  cblorid  predominates.  When 
thid  conslitnetit  ii  Texj  high  we  have  the  regular  salt  waters  or 
brines. 

Calcic  umfej's^  which  contain  large  amounts  of  calcium  carbonate 
id  calcium  sulfate. 

Miignesian  wattr^^  in  which  magnesium  sulfate  and  carbonate 
are  predominant* 

Chal^lfeaU  tmiitrs,  which  contain  salts  of  iron,  especially  the 
carbonate, 

Sitkums  waierSt  which  are  rich  in  alkaline  silicatea.  These 
waters  are  ysually  warm,  as  in  the  hot  springs  of  Arkansas  and 
lod&nd. 

Thei^mnl  waierSf  whose  temperature  jb  considerably  above  that 
of  tli©  atmosphere.  These  usually  occur  in  volcanic  regions,  and 
the  waters  eonie  from  great  depths  where  they  have  been  in  con- 
tact with  hot  rocks.  All  the  above  classes  except  the  first  may 
incliide  warm  waters. 

The  Samluga  wiilere  are  carbonated  and  saline  ;  the  aprinp  of  Virginia, 
Teiiuettst^e,  and  Kfutueky  are  m&ny  of 'them  calcic,  nmgnesian,  stilfur 
waters  ;  tuatiy  of  the  springs  of  Alabama,  Mii^isgippl,  and  Peuusylvania 
are  clialybeate  ;  nnd  warm  springs  are  generally  silicious* 

3.  Pre^ft  IFrt/frjff*— These  may  be  conveniently  classified  accord- 
ing to  the  quantity  of  diseolved  solidB  into  (a)  Rain-water,  {b) 
Surfjicc- waters,  including  lakes  and  rivers,  (c)  Spring  and  shallow- 
well  waters,  and  (d)  Deep-well  waters, 

o.  Kain-wator  contains  the  smallest  amount  of  solid  matter, 
bat  is  rich  in  gases  dissolved  from  the  atmosphere.  Collected  in 
the  country  it  may  contain  as  little  as  2.9  parts  solid  matter  to 
l(Hl,0(io  parts  of  water,  but  in  cities  it  may  ran  as  high  as  7  parts 
to  100, OnO.  It  contains  soiJium  chlorid,  salts  of  aranionia,  nitrates, 
nrgauio  matters,  and  often  sulfuric  acid. 

k  The  content  in  solid  matter  of  lukea  and  rivers  depends 
|^,.,...i.  Mpf,^  ^i^^  rocks  of  the  region  in  which  they  are  located. 
1  regions  it  nmy  be  as  low  as  4  parts,  and  among  magnesian 

litne^tune  rocks  it  may  reach  50  parts,  in  lOO^OOO.  The  Croton 
irmivr  which  supplies  New  York  City  has  G  to  8  parts,  the  Cumber- 


i^^ki 


^L  1  I.'*  i'  Vi^li'— r  iiik?  11  pttTSi.  iha?  Ohio  River  at  CiBduiti 


iiLir^T  r«^:oc.     Tbe  rmge  nay  be  boa 


« I , 


ir*:-  Tr^  -JiT  :..cj1  sC'iidj  ■■f  nnge  ftvn  15  pnliti 

Wnrn  ^«T  nuL  aboTe  100  pazti  Ikf  ^ 
_-:.-  z-jL-rrxl  vj-icrs  *=.'!  are  &oc  tmj-  good  for 


Hard  iz,d  Soft  Waters. — The  sabetanoeB  vhich  are  nuMfe  oob- 
ni. lIj  :  1^1   ::^i*'>-r:  iz  v^^er  in  conaierable  q[iiaiiftilj  are  tb 

•.ur'*  T.^-.r-^  i  .'s.  :::n  :izl  ^Ap:esam,  which  mart  hdd  in  aobiiioa 
*T  I>T*  .-  .1  .L.r  .  -  ii-.i::.  Th^se  give  lo  water  the  piopertf 
k:i  -■-  ^^  "  ■  •  -V.  Thrj  ~:i::e  with  Map,  forming  a  -pndjiti^ 
:i::a  ul::!  tLij  i&rT  .-.nir'TCirlj  rumored  soap  has  no  cleansing  ebd 
Ltnl  m^^'?  r.     l-a:L'rr.     ^V^rer  concaining  little  or  none  of  thM 

W:.v::  '.  ..r  :  t.::-  r  :«  :•:  H'r^i  ::  !•»«  a  part  of  its  hardnesB.  The 
?«1-..       ..'■--  .■->    '  •:il::::raa!idmagnesinniarede(N>m|MMed 

v»:::.  :!.-  :  r:..  .*.  :..v  :-»•  l.iV.r  .:^krbonates  which  are  predpi- 

til* V'i  I 

.    H   •  •  •     =  HO  -^  CO,  +  CaCO,. 

Til./  l.ir'.'  --i  :!.•>  r-.::.  .  I  ■>  \i'.I->i  Umporary  hardness.  The 
>i;!:'.L!.  -  ■  :  :  ::...::'>.  si:  m  ;ire  not  precipitated  by  boiling. 

iwA  '...•  -'.■      :>':■.■•■  --  itTi-.'i?'  hardness.     The  two  together 

luak.'  :■:)'  :::•■  -•■'■■■.  .^. 

llai  i:n  --  :-.  .  ::  a'/.y  ?.^iip. 4.1051  roving  power  and  is  measured 
in  \K-Y\v.<  •  :  '  ;Lr' •  Tuite.     Water  has  a  hardness  of  16  whes 

ir  ]i:i-  :i  <".i]-';'  ^*r--y:::  -  :..-.\Vfr  equal  to'that  of  16  parts  of  CaCO, 
in  l«Mi.Mi.<i  ].:i!T*  ..:  \v;i:L-r. 

It  is  :!.«•  |>r>-.  ii  !r;iri"n  nf  those  salts  that  causes  the  coating  of 
c(K)kinL'-vt--tl-  ::!.-:  -t.-am-ln-ilors  when  limestdtie , water  is  nsed. 
A  similar  ']')'«-::  rakes  i)lare  when  water  saturated 'with  caldam 
earhnnatr  i-  •■x]m.^»-,1  to  tho  air.  The  dissolved'  carbon  dioxid 
e^<'a]M's  \i^\i\  rlu-  linu-stone  is  slowly  deposited.  'It  is  thus  that 
stahK-titL's  a:i(l  stahiL^mites  are  formed  iu  limestone  oaves.     Each 
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drop  of  wattr  as  it  lalk  from  the  roof  leaves  a  portion  of  its 
caJcium  carbonate  and  presently  there  grows  downward  the 
pen*tent  stem  of  stone  called  the  sMacHle.  The  drops  falling  to 
the  iloor  deposit  more  solid  matter  and  ao  another  stem  grows 
tipwurd  called  the  dalagmU$;  and  in  due  time  the  two  meet, 
makiDg  a  column  from  floor  to  roof. 

Potable  Waters* — The  water  which  is  to  he  need  for  domestic 
purposes  should  btf  >^on7(fn7]y  pure.  The  dissolved  gasea,  osjgen 
carbon  dioxid,  give  it  sparkle  and  pleasant  taste,  and  without 
m  water  is  in^^ipid  and  nuwholiv^onie  The  mineral  matters 
od  m  polahle  waters  are  generally  healthful  and  are  no  doubt 
led  to  some  eattent  a^  food  for  the  body* 

There  are  several  sources  of  danger  in  natural  watera.  among 
hjch  the  following  are  the  more  important: 
1,   Pmmitons  met  ah.     These  are  of  verj"  rare  occurrence  and 
genersiUy  due  to  carelessness  in  handling  the  water* 
!i-   Orgaiik  maHers*     There  is  usually   not   enough  organic 
t  in  solution  in  uneontaminated  waters  to  have  much  physio- 
eJloct.      It    is   dangerous  mainly  as  it  furnishes   food  for 
micro-orgtiuiflms,  "^^ 

3.  S^wtujf'  and  surface  drainage.  These  ar&  dangerous  in  two 
wjijm.  In  tire  first  place  they  interfere  with  digestion,  produce 
diarrh<Bd«  and  render  the  system  susceptible  to  disease.  In  the 
itoond  place  thev  are  liable  to  contain  disease  germs,  and  sewage 
furnishes  a  fertile  soil  for  their  development. 

4,  Limn^  organumi^*  AH  water  which  contains  much  organic 
matter  will  be  found  teeming  with  living  organisms.  Among 
the^c  may  he  present  the  germs  of  various  epidemic  and  contagious 
dideaetes. 

In  the  nnalydie  of  drinkiDg- water  the  chemist  looks  first  for 
organic  matter  and  chlorine  as  these  furnish  the  bet^t  evidence  of 
canminiriatton.  Organic  matter  is  necessaiy  for  the  development 
i«^  ami  chloriti  t@  always  high  in  sewage.     The  preBence  of 

"II  l-io  makes  water  suapicioug^  because  they  are  formed  iu 

tb<*  de<*om position  of  organic  matter* 

Potiible  waters  may  be  classified  a^  follows : 

Safe:     I.  Peep-spring  water, 
2*  Deep*  well  water. 
3,  Water  from  mountain  lakes  and  streame* 
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Im^iT-LZi:  1.   Wi^r  fr.:^  sIaII:^  weDi  in  cities  and  nen 

*  Wi;^r  of  rlTcr^  4id  l^«s  vhich  receiTe  Bewagei 
Tests  f cr  Inpuriues  in  Drinkint-waUi — A  few  simple  UsIa 
fcr%  :.r.--  .-.'.r:-  r.r  IrL^-li  iLr  siutie::*  is  reierred  tovorkson 
««>.-:  4.^.7=^  iL&rl  -B\>:cr&  ar^  no?  iixivbol€«ome,  bat  are  bad  for 
TP*-.;..:.^'  j.--ri-.ifrs.  A  LiTje  exc^nss  of  cLIuhtis,  eulfids,  nitritei^ 
4.'/.:..  ...4,  .r  '.r^'ALic-  mailer  m&k»  a  iriier  fuspieious. 

:.  O.:..--  .  .  . ;  Jr-/'i«i'.  ..— IfaraiMM.— Boil  SOO  cc.  of  the  wit« 
-  /..'..i.v  :,r  :.-:rrL  zl.luIc^  C^ciom  and  BagncsTum  preient  ueu- 
'j.>.'^'.  ^'r  :  ''.■>:.,  .'.a'.-ri  .-.ni  scZile  to  the  bociom  as  a  vhite  powder.    Tbe 

i:,K-.  '.  •     ;  >  .--...:.  '..  Jiiis'^lring one  pan  of  Castile aoap in  100  jMuti 
'.f  -:    .-  i  .    . ,.    :  : :.  ;».:-i  1  to  2  it*,  water).    Place  50  cc.  of  tbe  water 
".  >:  •.'■-'.-:  .'.  a:.  T. J :-:-o -:.'.-  b.-tile  ar.i  add  the  soap  solution  from  I 
•..•■:*.  V.   .•■...:•!.  r.ifi.r.^'  vi^r-jroui'v  r»::cr  eiicb  addition.    A  permanent 
', .      :  .'•:.'  :'-:"..      :.'.  .J.\  iLo  calcium  a:.d  magne^iam  is  precipitated. 
....  ..•  ■.*iaic:.r5  •;:  i':.v  s«>a:.  so-uiiou  rvquin?d  to  make  a 

......  ::-.;•  :  ..•  :  ly  :  .v...  iqu.ils  ajj»ro.\im:UelY  the  degrt'cs  of 

-  .:.  :.ir-  >.:  ■  .\:-:ii  varlKiiaic  i-   H.Hi.(H>0  jxirts  of  water. 
:..x'  :  •  -  :-  '.it-vrmiued  in  I'l.e  same  way  in  tbe  boiled  water' 

'-   -  A  L :  :  » :!.••  wa:..r  a  few  drops  of  nitric  acid,  then  a  solo- 
•:.i  ..    (.  :.i  .r.ii  is  j  revipi:aied  as  white  silver cblorid,  which 
;:.  tii-];-:.T. 

-If  .-:i!i: :.-,  i<j.4/ci;il'iy  ljydr.>gen  sulfid,  are  present,  a  brown 
;  :::i:».'  w.'A  f;ill  with  ihe  .silvor  ehlorid. 
V— A'M  li  fi'W  rlnips  of  Iivdrocblorie  acid,  then  a  solntionof 
barium  (;i.lori<I.     A  llii-  wh'te  precipitate  of  barium  sulfate  iadicates  snU 

"i.  AT/'/Y''.?.— Ani'lify  SoO  cc.  of  the  water  with  acetic  acid  and  distiL 
A<M  ti.<-  llr-^r  part  of  th*.'  <.li^tiliat-.r  to  potassium  iodid starch  solution whidi 
has  bicii  ,-li.rh'iy  ;u.-i'iiii"d  with  sulfuric  acid.  If  nitrites  are  present,  tbe 
irxliii  i>  .si-i  !'r>-r  :i]i<l  !!m'  .<t;nvh  c'>>I<»re(I  bhic.  Tbe  presence  of  even  small 
qn;i!iii;i.--  i.f  i:i;r::t  -  is  pnxl  i-viilriiri'  of  sowage  contamination. 

•).  A  ml, mill'!.  Fp  111  "itHi-oc.  ,.f  thc  watcf  distil  off  100  cc.  and  collect 
in  tw<»  :>'»-,.,•.  t:ilM->.  A'M  ii-  r.-n-h  «)f  tlip  tubes  2  cc.  of  Nesslcr's  solution. 
A  yellow  oolor  iiidicMti-s  aniiiioiiia,  and  the  depth  of  tbe  color  furnishea  a 
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1II9KIUI  of  meitsuring  Its  quantity.    Thifi  Imt  is  Terj  delioate  and  will  d^-^ 
led  1  part  of  ammonk  in  100  million  parts  of  wati^r, 

?.  Organic  Master. — To  %Q0  ca  of  tlia  water  odd  1  oo.  of  bh  If  uric  aoid 
mnd  tlieu  dilute  solution  of  poiaasiiim  [j^rtnangarjate  (I  pt.  to  250  pta.  water) 
until  til  ore  is  a  decided  ptirple  color.  Let  stand  for  a  while  or  warm.  If 
tliff  color  fadefi,  orgauio  inaUer  is  present  ami  Las  been  oxidized  by  the 
pnrmfingTinaici.  Coiitijiuts  to  add  the  sohitiou  until  the  color  is  permanent* 
The  amouta  of  the  solution  u^d  is  a  measure  of  the  orgaruQ  matter  present. 


EYDaOGEN    PEROXID, 


N 


Speciio  gravity 


Form n la  UA*    Molecular  weight  34.    Density  17> 
1.45.    Hirui-Uiral  fijrmula  H— O— O— U, 

Occurrenee, — ^Becan&eof  its  inetability  and  mactivity,  hydrogen 
|M«troxid  oecura  free  to  only  a  limited  extent.  Traces  of  it  are  found 
in  the  iiir  and  in  snow,  dew^  and  niin.  Tho  quantity  is  gaid  to  be 
greatest  on  bright  daySp  sunlight  boing  favorable  to  its  formation, 

Histury. — Hydrogen  peroxid  was  flr&t  prepared  in  1818  by 
Th^nard,  who  called  it  oxygenated  water. 

Preparation, — Hydrogen  peroxid  is  formed ; 

El  I.  By  the  acliou  of  acida,  especially  hydrochloric^  sulfuric,  carbonic, 
0ao^ilicR',  phosphoric  J  and  tartaric^  ujioa  eerlum  peroxide,  as  those  of 
bariani,  t^Hldutn,  potassiuui^  and  sodium.  Some  of  the  reactions  are  as 
follows : 
-  Ka.Ot  +  2UCl  =  2NaCl  +  H.O,  ,*,...{!) 
■  BaOa  +  HaSO*  —  BaSOi  +  IJiOi ,    (2) 

■  BaO*  -H  CO,  +  H.0  ^  BaCO,  +  H,0, (8) 

2.  By  tbu  oxidalloB  of  water  by  uaaeent  oxygen  : 

r- 

"^  H,0  +  O  1=  IJ,Ot  .    .    . 


- w 

This  action  gc^norally  takes*  place  in  sbw  combustioD.  Whea  ozone  it 
|»n*par^  bjr; the  slow  oxidnlion  of  phosphorus  half  immersed  in  water,  the 
WBler  is  found  U3  eontiiin  liydrogen  peruxid.  If  a  flame  of  hydrogen  or 
ititHiiiii  tnotioxid  be  altouetl  to  ph^y  tipou  the  sarface  of  water  whose  tem- 
I  kirfit  tielow  20° I  a  small  amount  of  th^  water  is  converted  into 

hy    ^       [-eroxid, 

8,  By  tho  ftction  of  nascent  h^'dragen  npon  oxygen.  If  fragments  of 
gioe  or  palijidiiim  hydrid  be  shaken  with  water  in  a  flask  containing  air  or 
oxygefii  hydrogen  pcroxid  is  formed : 

Zn  +  3H,0  +  0.  ^  Zn^HO),  +  HtO, (5) 

8Pd,H  +  0,  =  4Pd  +  H,0, (6) 


212 


iMOBGAmc  cimMiBmr. 


Suspicious;  1,  Shallow-Bprkig  water, 
2.  Shallow-well  water- 
Si  Stored  rain-water. 
4.   Country  surface- water. 
Dangerous:  1,  Water  from  shallow  wells  in  cities  and  ne 
barns  and  cesBpools. 
2.  Water  of  rivers  and  lakes  which  receive  aewngc. 
Tests  for  Impurities  in  Drinking-water,^A  few  simple  IvbU 
are  here  given.     For  details  the  student  is  referred  to  works  m 
water  analysis.    Hard  waters  are  not  unwholesome,  but  are  had  kr 
washing  purposes,     A  large  excess  of  chlorids,  sulfids^  nitrite 
ammonia^  or  organic  miitter  makes  a  water  suspicious. 

1.  Calaium  and  Magtieaium. — MatdfteBif, — Boil  &00  cc.  of  the  iraier 
vigorously  for  ^ftt^en  minute,  Calciam  aud  magnesmiD  present  as  car- 
bonates are  precipitated  and  settle  to  the  bottom  m  a  wliite  powder,  I'iie 
sulfates  remain  in  solution. 

Make  a  sonp  solution  b^  dissolving  one  part  of  Castile  soap  in  100  pari 
of  dilute  alcohol  (1  pt.  alcohol  to  2  pis.  water).    Place  60  cc,  of  Ute  wm 
to  be  Letted  in  an  eight-ounce  bottle  and  add  the  soap  Bolution  from] 
buret  by  littles,  shaking  vigorou&ly  alter  each  addition*    A  pennsiw 
lather  does  not  form  until  idl  the  calcium  and  magnesium  is  precipiint<4r 
The  number  of  cubic  centimeters  of  the  soap  solution  required  to  make  §_ 
permanent  lather,  multiplied  by  two  equals  approximately  the  degn^es  ( 
total  hardness  in  parts  of  calcium  earbonate  in  100,000  parts  of  wat^ 
The  permanent  hardness  is  determined  in  the  same  way  in  the  boiled  w«tl 
©f  the  last  paragraph. 

3,  ChianfM.—Add  to  the  water  a  few  drops  of  nitric  acid^  then  a  solu- 
tjoii  of  silver  nitrate.  Chlorin  is  precipitated  as  white  silver  chlorid,  wbich 
soon  darkens  in  the  light 

3*  iStilfids.^U  sulfids,  especially  hydrogen  snlfid,  are  present,  a  htown 
or  brack  precipitate  will  fall  with  the  silver  cblorid, 

4.  Sulfates.— Add  a  few  drops  of  hydrochloric  acid,  then  a  soluti^jftj 
barium  chlorid,    A  fine  wb'te  precipitate  of  barium  sulfate  i|idicatc8  j 
fates. 

5.  Nilrites.— Acidify  350  co.  of  the  water  with  acetic  acid  and  diiiril, 
Add  the  first  part  of  the  distillate  to  potassium  iodid  starch  solution  vvh 
has  been  slightly  acidified  with  sulfuric  acid.    If  nitrites  are  present^  1 
iodin  is  set  free  and  the  starch  colored  blue.    The  preaencti  of  even  m 
quantities  of  nitrites  is  good  evidence  of  sewage  cou  tarn  in  a  I  ion. 

6,  Ammouia.—Fvcm  500- cc,  of  th©  water  distil  off  100  cc,  and  cdIIq 
in  two  50*oc.  tubes.  Add  to  each  of  the  tubes  2  cc,  of  NessleKaaolulif 
A  yellow  color  indicate  ammonia,  and  the  depth  of  the  eolof  furnish 
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means  of  measoriog  its  quantity.    This  test  is  very  delicate  and  will  de- 
tect 1  part  of  ammonia  in  100  million  parts  of  water. 

7.  Organic  Matter.— -To  200  cc.  of  the  water  add  1  oc.  of  sulfuric  acid 
and  then  dilute  solution  of  potassium  permanganate  (1  pt.  to  250  pts.  water) 
antil  there  is  a  decided  purple  color.  Let  stand  for  a  while  or  warm.  If 
the  color  fades,  organic  matter  is  present  and  has  been  oxidized  by  the 
permanganate.  Continue  to  add  the  solution  until  the  color  is  permanent. 
The  amount  of  the  solution  used  is  a  measure  of  the  organic  matter  present 


HYDROGEN   PEROXID. 
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Formula  HsOa.  Molecular  weight  84.  Density  17.  Specific  gravity 
1.45.    Structural  formula  H— O— O— H. 

Occurrence, — Because  of  its  instability  and  inactivity,  hydrogen 
peroxid  occurs  free  to  only  a  limited  extent.  Traces  of  it  are  found 
in  the  air  and  in  snow,  dew,  and  rain.  The  quantity  is  said  to  be 
greatest  on  bright  days,  sunlight  being  favorable  to  its  formation. 

History. — Hydrogen  peroxid  was  first  prepared  in  1818  by 
Th^nard,  who  called  it  oxygenated  water. 

Preparation. — Hydrogen  peroxid  is  formed: 

1.  By  the  action  of  acids,  especially  hydrochloric,  sulfuric,  carbonic, 
luosilicic,  phosphoric,  and  tartaric,  upon  certain  peroxids,  as  those  of 
oarium,  calcium,  potassium,  and  sodium.  Some  of  the  reactions  are  as 
follows : 

Na,Oa  +  2HC1  =  2NaCl  +  H,0, (1) 

BaO,  +  H,SO«  =  BaSO*  +  H»Ot (2) 

BaO,  +  COa  +  H,0  =  BaCO,  +  H.Ot    .....    (3) 

2.  By  the  oxidation  of  water  by  nascent  oxygen  : 

^         H,0  +  0  =  H,0, <4) 

This  action  generally  takes  place  in  slow  combustion.  When  ozone  is 
prepared  by.  the  slow  oxidation  of  phosphorus  half  immersed  in  water,  the 
water  is  found  to  contain  hydrogen  peroxid.  If  a  flame  of  hydrogen  or 
carbon  monoxid  be  allowed  to  play  upon  the  surface  of  water  whose  tem- 
perature is  kept  below  20*",  a  small  amount  of  the  water  is  converted  into 
hydrogen  peroxid. 

3.  By  the  action  of  nascent  hydrogen  upon  oxygen.  If  fragments  of 
zinc  or  palladium  hydrid  be  shaken  with  water  in  a  flask  containing  air  or 
oxygen,  hydrogen  peroxid  is  formed : 

Zn  +  2H,0  +  08=  Zn(HO),  +  H.Ot (5) 

.  2Pd,H  +  0.  =  4Pd  +  H,0, (6) 
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Zinc,  copper,  lead,  and  other  metals  act  in  the  same  way  with  dilate  sul- 
furic acid.  By  the  prolonged  action  of  the  metal  a  reverse  action  takes 
place  and  the  hydrogen  perozid  is  decomposed.  If  air  or  oxygen  be  passed 
through  water  while  it  is  being  electrolyzed,  hydrogen  perozid  appearswith 
the  hydrogen  at  the  negative  electrode  :  lis  +  Oa  =  HtOt. 

Hydrogen  peroxide  may  be  conveniently  prepared  by  either  of 
the  three  reactions  indicated  under  the  first  method. 

1.  Sodium  pcroxid  is  added  to  dilute  well-oooled  hydrochloric  add.  Tlie 
sodium  chlorid  which  remains  in  solution  does  not  interfere  with  the  reai^ 
tions  of  tiie  hydrogen  ])eroxid.     (Equation  1.) 

2.  Moist  barium  i)eroxid  (better  the  hydrated  form,  BaO«,8HtO)  is  added 
gradually  to  dilute  sulphuric  acid  until  it  is  nearly  neutralized.  Theezoess 
of  acid  is  exactly  removed  by  barium  hydroxid  solution  and  the  liquid  fil- 
tered off  from  tlio  barium  sulfate.  (Equation  2.)  For  manufacturing  pur- 
poses phosphoric  acid  is  usually  employed  because  the  small  amount  of  the 
acid  remaining  in  the  solution  has  a  tendency  to  prevent  the  deoompoBition 
of  the  hydrogen  jMTOxid. 

3.  A  stream  of  carbon  dioxid  is  passed  through  ice-cold  water  to  which 
moist  barium  peroxid  is  added  by  littles  from  time  to  time.  (Equation  8.) 
The  precipitated  barium  carbonate  is  separated  by  filtration. 

""^  Physical  Properties.— Hydrogen  i)croxid  as  obtained  by  any  of 
the  al)()vo  inotlio<ls  L^  in  dilute  nqnoous  solution.  It  may  be  freed 
from  the  frrcMtor  jxiriion  of  it^  water  by  evaporation  over  strong 
■sulfurie  iw'vX  in  vacuo,  or  by  ccKjliii*]:  to  0°  and  removing  the  frozen 
water.  The  stnmir  solution  is  a  colorless,  odorless,  synipy  liquid. 
with  a  harsh,  hitter,  astrini^ent  taste,  and  of  specific  gravity  1.452. 
At  — *J.'i°  the  00  JUT  cent  solution  becomes  solid.  If  this  solid 
be  «lroi)pe(l  into  the  sohition  cooled  to  —10°,  splendid,  transparent 
nee(lle-sha]>e(l  crystals  of  anhydrous  TToOj  separate.  It  mixes  with 
water  in  all  proportions  and  jijoes  over  with  the  steam  when  very 
dilute  solutions  are  dLstilled.  Kther  dissolves  it  readily  and  will 
renir)ve  it  from  its  aqueous  solution  when  the  two  ate  shaken 
together. 

Chemical  Properties. — Tlydrogen  peroxid  is  unstable  becanaeits 
formatir)n  from  water  is  cndotliermic:  11,0  +  0  =  H,0,  —  83,200 
cal.  In  con(>entrate<l  solution  it  is  unstiihle  even  at  low  tempera- 
tures (—  vM)  ).  and  at  lOo"  it  decomposes  with  explosive  violence 
into  water  and  oxy^ifen.  In  dilute  solution  it  is  more  stable  and  . 
ean  be  ke]»t  for  some  time.  It  bleaches  vegetable  iTC^MUp^ 
whitens  and  blisters  the  skin. 
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Hydrogen  peroxid  is  a  vigoroua  oxidizing  agent.  It*eonT6ita 
inuim,  arsenic,  nnd  chromium  into  their  acida;  aulfuroua  into 
if  uric  ucid:   gultids  into    fliil&tes;  and   deconiposeg  potassium 

iodid.    Jt  takes  hydrogen  from  its  compounds  with  sulfar,  chlonn, 

liromin,  and  iodin,  setting  these  elements  free: 

It  ifl  decomposed  by  niMicent  hydrogen.  When  a  eolntion  of 
hydro^t'D  peroxid  is  electrolyzed  no  hydrogen  is  evolved^  since  it 
IB  oxidiiod  as  faat  m  it  is  set  free,  UjOj  +  H,  =  '3HjO,  From  the 
hjdroxids  of  Imriam,  etrontiumj  und  calcium  the  peroxids  are 
separated,  Ba{irO),  +  II,Oj  ^  BaO^  +  2H,0,  and  deposited  in  the 
cry^tjilhoe  hydratad  form,  BaOjiBH^O*  The  alkali  poroxids  are 
formed  in  the  same  way»  They  are  soluble^  but  may  be  precipi- 
tatiid  by  adding  alcohol  and  yield  similar  hydrated  crystals. 

With  many  subatances,  particularly  oxidizing  agents,  hydrogen 
peroxid  has  a  reducing  action.  Silver,  mercur}%  and  gold  are 
ieparated  from  their  oxids;  the  higher  oxids  of  lead,  chromium, 
and  manganese  are  reduced  to  lower  oxids;  permanganates  are 
conviirtcd  into  manganous  compounds,  and  ozone  to  oxygen. 

Hydrogen  peroxid  is  decomposed  by  simple  contact  with  many 
fttibstances,  OBpecially  whon  they  are  in  a  finely  divided  state. 
Such  arc  charcoal,  gold,  platinum,  silver,  and  mercury.  The 
action  is  catalytic*  but  may  he  explained  on  the  supposition  that 
the  metal  is  first  oxidized  and  then  the  oxid  reduced  as  follows: 

Ag,+  II,0,=  n,0  +  Ag,0 
Ag.O  +  H,0,  =  H,0  +  Ag,  +  0, 

mMtlitJciiii, ^ Add  !iydr«gf*n  penvxid  to  solutions  of  li trans,  potassium 
iodid  «tarch|  and  potiifisiutn  permanganate  acidulated  with  sulfuric  acid. 
The  first  and  last  are  deeolorized  and  the  second  is  turned  blue.  The 
acticfi  of  the  fi rat  two  is  aided  by  the  addition  of  a  little  ferrous  sulfate. 

Tests,— Hydrogen  peroxid  is  recognized  by  its  bleaching  and 
0'  mictions,     A  ?ery  convenient  and  characteristic   test  if 

kn  iollowa:  To  the  liquid  to  be  tested  add  a  dilute  acidulated 
►n  of  potassium  diehromate  and  a  little  ether,  and  shake. 
Vbe  ethereal  layer  which  separates  on  standing  will  he  colored  bine 
^^il  thtj  p<trorid  is  present     The  teat  is  quite  rlelieate,  as  it  will 


J 
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XuSM* — Hydrogen  perozid  is  used  in  medicine  and  surgery  as 
an  antiseptic;  in  the  laboratory  as  an  oxidizing  agent;  in  the  arts 
as  a  bleaching  agent  for  certain  articles,  as  ivory,  feathers,  teeth, 
and  hair;  and  for  cleaning  and  restoring  old  and  stained  engrav- 
ings and  oil  paintings.  Paintings  darken  as  they  grow  old  because 
the  white  lead  of  the  paint  is  gradually  changed  to  black  lead 
Bulfid,  PbS,  by  the  traces  of  hydrogen  sulfid  found  in  the  air. 
The  11,0,  oxidizes  the  lead  sulfid  to  white  lead  sulfate  PbSO«,  and 
restores  the  original  color  of  the  painting. 
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QBOOP  YIIIB.     THE  HELIOlDa     THE  NOBLE  GASEa 


Helium  4.    l^mn  SO.    Argon  40*     Krypton  dl<    Xenon  129. 

TuE  name  Nohh  Goms  has  been  given  by  Erdmann  to  the 

reral  rare  and  inactiTe  elemente  which  have  recently  been  dis- 
^vered.  They  are,  irith  the  exception  of  axga»^  found  only  in 
the  BmalleHt  quant itiea,  are  almost  wholly  without  chemical  afl5nitj, 
have  no  valence,  form  no  compounds,  and  have  monatomic  mole- 
cules. They  do  not  fit  well  into  the  periodic  e^si^m.  They  may 
be  given  a  separate  group  placed  before  the  potitsfioide  and  Ciilled 
Group  0;  or  they  may  be  arranged  in  Group  VIII  as  VIII  B,  where 
they  fall  in  reasonably  welU  Some  of  their  physical  properties  are 
exhibited  in  the  following  table : 


Atotnie  WRl^lit 

isif-point.. . , , , , 
I  tempenitare , 


ufcl  pr«i8stir« , 


Hdlutti.      N«oD,       Argoa.     KrjrptQn.    Xenon. 


20 
200" 


-205* 
60.0 


138 
*-  109' 


HELIUM. 

Sjmbel  He.    Atemb  weight  4.    Moleeular  weight  4.    Density  3,    8pe- 
e  fravity  8 J  4.    Valence  0. 

Occturence Helium  occurs  in  the  enn,  in  the  earth^s  atmos- 
phere in  very  email  quantity^  in  nitrogen -holding  springe,  and 
more  abundantly  in  the  Scandinavian  minerals  of  the  rare  earth- 
nK'tak— uraninm,  thorium*  yttrinm,  titanium,  tantalum*  and 
columbinm*     In  these  mineralft  it  accompanies  nitrogen,  and  is 

poasibly  in  aoma  fiort  of  eombioation  with  the  metida, 
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History • — In  the  year  18G8  Jans&en  observed  a  prominent 
yellow  line  in  the  spectrum  of  the  sun's  chromosphere  whioh  could 
act  be  referred  to  any  terrestrial  element*  He  supposed  it  to  be 
caused  by  an  element  peculiar  to  the  sun  and  called  it  helium 
(Qreekf  helioSf  the  sun)*  His  observations  were  afterwards  con* 
firmed  by  Lockyer  and  Frankland,  In  1S$2  Palmieri  observed 
tlie  same  line  when  investigating  lava  from  VesuTius.  In  1895 
liamsay  and  Cleve  obtained  the  gas  from  the  mineral  cleveite- 

Preparation. — llehum  is  moat  easily  prepared  from  cleveite,  a 
complex  compound  of  uranium.  The  powdered  mineral  is  gently 
heated  to  drive  off  water,  carbon  dioxidp  and  other  gases.  It  is 
then  mixed  with  an  equal  weight  of  potassium  diokromate  which 
has  been  previously  molted  and  powdered,  placed  in  a  bulb,  and 
heated  to  the  melting-point  of  the  dichromate,  w^hen  the  hclinm 
escapes  with  lively  effervescence.  The  bulb  is  connected  with  a 
tube  containing  sodu^lime  and  phosphoric  oxid  to  remove  traeei  of 
carbon  dioxid  and  water,  and  then  with  the  vessel  which  ii  to 
receive  the  gas,  or  with  the  Geissler  tube,  in  which  its  ipectntm  Is 
to  be  observed.  The  whole  apparatus  communicates  with  a  mer- 
cury pump  and  is  made  vacnoua  before  the  operation.  The  gas  is 
freed  from  nitrogen  by  sparking  with  oxygen,  and  from  argon  by 
diffudoii. 

Properties.^Helium  is  a  colorless  gas,  only  twice  as  heavy  as 
hydrogen.  It  conducts  electricity  well  and  emits  a  bright  light  in 
the  electric  art%  It  was  liquefied  by  Onnes  of  Leyden  m  1908, 
b.  p.  4.3^  absolute;  not  &alid  at  I  cm,  pressure.  Its  spectrum 
consists  of  seven  bright  lines  or  bands:  two  red,  one  yellow, 
one  green,  and  three  blue  or  violet.  One  hundred  volumea  water 
dissolve  1.4  volumes  at  20"^* 

In  chemical  properties  helium  resembles  nitrogen,  wHch  It 
accompanies  in  a  number  of  minerals  and  in  the  air.  No  com- 
pounds have  been  obtained  and  its  valence  Ls  not  known.  The 
atmosphere  contains  about  four  parts  in  100  millions  (Ram&ay). 


NEOK, 


^Symbol  No.    Atomic  weight  20  (19,86).    Molecular  weight  20.    Density 

iBM).    Valence  0, 

Occurrence  and  History. — Neon  occurs  along  with  argon  in  the 


air.     It  was  diacovered  by  Ramaay  and  Travers  in  1898, 
name  is  from  the  Greek,  mos,  fww. 
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Preparatioii. — Neon  ia  found  in  the  argon  prepared  from  ain 
If  this  argon  k  allowed  to  eTaporate  wMlii  btiiiig  eooled  by  liquid 
air*  the  more  volatile  neou  passes  over  firsts  together  with  the 
helium.  It  ia  separated  from  the  latter  by  freeziug  it  out  with 
liquid  hydrogen,  the  helium  remaining  gaseous* 

Properties. — Neon  is  a  oolorlees  gas  of  vapor  density  10.  It 
liquelies  and  free^ei  below  —  2QQ^\  Its  critical  temperature  and 
pressure  are  about  —  205*"  and  50  atmospheres*  Like  helium  its 
olecule  is  moniitomic,  it  is  without  valenee  und  forms  no  com- 
ponndSp  Its  spectrum  m  composed  of  nmny  bright  linea^  mostly  In 
ilie  red  and  green*     The  air  contains  about  one  part  in  ten  milUonn. 


AROON, 

Symbol  At.  Atonuc  weight  40  (Z9M).  Density  20  (l9.9o).  Molecular 
weight    40.     Spwific    gravity    L38.     IJoiUng-point    —1815*,     Melting-point 

Occurrence. — Argon  is  a  eonsiitueut  of  the  atmosphere  of  which 
it  forms  nearly  one  per  cent  (0.9).  It  is  also  found  in  the  water 
of  many  springs,  particularly  geysers  and  niineral  springs. 

History. — As  early  as  17S5  Cavendish  noticetl  that  a  residue 
of  abc}ut  0.6  per  cent  remaijied  when  the  nitmgen  and  oxygen 
rere  removed  from  air.  In  1894  Rayleigh  discovered  that  nitrogen 
ffmm  the  atmosphere  wag  0.5  per  cent  heavier  than  nitrogen 
prepared  chemically.  RAvleigh  and  Ramsay  then  prepared  large 
luantities  of  this  atmospheric  residue  and  found  it  to  be  a  rbs 
ferent  from  nitrogen.  They  called  it  argon  from  the  Greek, 
98,  hzij*  Tliey  afterwards  found  that  this  residue  was  a  mix- 
tnre,  and  from  it  were  separated  later^  by  Ramsay  and  Travers, 
neon,  kryptcm,  and  xenon. 

Preparation. — For  the  preparation  of  ai^ion,  air,  freed  from 
aoiiitturt^  and  carbon  dioxid4n  the  ordinan^  way  and  from  oxygen 
heated  copper^  is  repeatedly  drawn  over  heited  magn^ium 
whereby   nitn>gen  is  removed.    Thus  prepared,   ai^on  contains 
ill  cpjantitief5  of  the  other  noble  gaaesn     It  is  freed  from  helium 

neon  by  freezing,  and  from  kr\'pton  and  xenon  by  diffusion. 
Another  method  of  obtaining  atipjon,  and  the  one  by  which  it 
first  prepared,  consists  in  passing  electric  sparks  through  a 
ire  of  air  and  oxygen  in  a  eudiometer  tnln*.    The  nitrogen 


220  tNORUANlC  CUBMI8TRT.  [CaXX. 

and  oxygen  combine,  and  the  nitric  acid  formed  is  absorbed  by 
water.    The  excess  of  oxygen  is  removed  with  heated  copper. 

Properties. — ^Ai^on  Ls  a  colorless  gas  of  density  20,  atomic  and 
molecular  weight  40,  and  has  but  one  atom  in  the  molecule.  It 
Ixjcomes  liquid  and  solid  at  low  temperatures,  boils  at  —186°  and 
melts  at  —189.5°.  Its  critical  tem])erature  and  pressure  are 
—  120®  and  40  atmospheres.  It  Ls  slightly  soluble,  4  parts  to 
100,  and  Ls  therc^fore  FouikI  in  terrestrial  waters. 

The  spectnim  of  argon  consists  of  a  multitude  of  lines  and 
bands  which  vary  in  brightness  with  the  pressure.  Under  slight 
pressure  and  weak  current  the  red  lin^  are  most  prominent;  \*"ith 
stn^ng  current  and  a  little  higher  pressure  the  blue  lines  predomi- 
nate; and  with  still  higher  pressure,  100  to  200  nmi.,  the  green 
lines  are  the  bright<?st. 

Chemically,  ai^on  w  like  the  other  noble  gases,  being  without 
valence  and  fonning  no  compounds. 

KRYITOX. 

Symbol  Kr.  Atomic  weight  SI. 8.  Density  40.9.  Molecular  weight  81.8. 
Valence  0. 

Occurrence.— Krv'pt oil  occurs  in  the  atmosphere  and  is  always 

a  cnnstitiu'iil  of  argon  i)rci)Mn'(l  from  air.  Air  contains  about  one 
])art  (^f  krypton  in  iHMKKI.OOO  purls. 

History.-  Krypton  was  (liscovorod  l)y  Ilamsay  and  Travers  in 
ISDS  in  MtniospluTic  argon.  The  name  Ls  fnmi  the  Greek,  knip- 
t(in.  to  ('(ftirail. 

Preparation.-  Kry[)lon  is  s(»panit<'(l  from  ai^on  by  fractional 
(lL•^1illatinn. 

Properties.-  Kr>'])ton  lias  j)roportios  ver}-  similar  to  those  of 
argon.  It  is  heavier  and  more  easily  liciuofied  and  solidified.  It 
boils  at  -152°  mid  its  critical  pressure  and  temperature  are  5^3® 
and  51  atmospheres.  Its  spoctnnn  consists  of  three  lines  in  the 
green,  six  in  the  re<l,  an«l  alnmt  a  dozen  in  and  beyond  the  blue. 

XKNOX. 

Symbol  Xe.     Atomic  wt^i^ht   12s.     Deihsity  C>A.     Molecular  weight  128. 

\'alenc(;  0. 

Occurrence  and  History.  -Xenon  occurs  along  with  argon  and 
kr>'pton  in  the  atmosphere,  but  only  in  exceeding  small  quantities 
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— one  part  to  150,000,000.  It  was  discovered  by  Bamsay  and 
Travers  at  the  same  time  with  krypton,  1898.  The  name  is  from 
the  Greek,  zenos^  a  guests  as  accompanying  argon  and  krypton  in 
the  air. 

'  Properties. — Xenon  has  properties  resembling  those  of  argon 
and  krypton.  It  is  without  valence  or  chemical  activity  and  no 
compounds  are  known.  It  boils  at  —  109^,  and  its  critical  tem- 
perature and  pressure  are  15""  and  57  atmospheres. 


CHAPTER  XXI. 
GROUP  VII B.    THE  CULOROIDS.    CHLORIN  GROUP. 

Fluorin  19.   Chlorin  35.45.   Bromin  80.    lodin  127.    Tholiam  171. 

Fluokix,  chlorin,  bromin,  and  iodin  constitute  a  gronp  of 
closely  allied  elements  called  halogens  (Greek,  salt-makers),  because 
all  their  binary  compounds  with  the  alkali  metals  (Gronp  I  A), 
culled  haloid  i<alf.s,  have  a  close  resemblance  to  common  salt,  NaCL 
The  rare  element  thulium  is  provisionally  placed  in  this  group. 

Taking  these  elements  in  order,  we  find  a  gradual  increase  in 
atomic  weight  and  a  corresponding  decrease  in  chemical  aotivity. 
Fluorin  and  (*hIorin  are  gases,  bromin  is  a  liquid,  and  iodin  a  solid. 
Fluoriu  iri  chemically  most  active,  and  iodin  least.  We  have  in  this 
group  a  line  illustration  of  the  group  gradation  of  properties,  as 
will  appi-ar  by  the  following  table: 


Atoniir  wcijrlit 

Spocillc  jrravity  of  liquid. 

Melting-point 

Hoiling-point 

Color 

Heat  of  union  with  II 
Ilaloii]  ar'iils 


Acids  decompose  at :  not  at  all 


lodiD. 


187 
4.97 
137' 
200* 
black 
-  0,300  caL 

HT 
180" 


Tlic  b.Mlnrron.q  ftrc  chemically  very  active,  uniting  directly  witi 
nearly  mII  the  ch'TiioTits  and  cTiterin<r  as  a  eonstitnent  an  immense 
nuni])cr  nf  coni]>oiiTuls,  orpmic  jis  well  as  inorganic.  Their  com- 
pounds with  th(?  metals  are  called  Jinlids. 
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FLUOEIK. 


Symbol  F,    ValeDo^  I  and  IIL     Atomic  weight  lU,    Density  19, 

Occtirrence, — On  account  ol  its  great  chemical  activity  fliiorin 
tloes  TH>t  oecnr  free  in  nature.  Its  principal  native  compound  ia 
caleiuin  fluoride,  CaF^^  called  finQtite^  or  jluorspar.  It  is  a  con- 
etituent  of  various  mineralg,  such  as  cryolite,  topaz,  fluor-apatite* 
wavelite,  etc.  It  occurs  in  Bea-wat«»r  and  some  mineral  springs. 
It  has  be«*n  found  iu  the  enamel  of  the  teeth,  in  the  bones,  bloody 
brain  ^  and  milk,  and  in  the  ashes  of  plants. 

Hlstoiy, — While  fluorin  compounds  are  qaite  common,  the 
element  is  so  active  that  its  preparation  k  very  difficult.  In  tlie 
year  1886  Moissan  succeeded  in  ifiolating  it  by  electrolysis  of 
bydrogen  flnorid  in  the  presence  of  pot^i^sinm  fluorid*  Its  name 
is  from  the  Latin,  Jluo^  IjioWt  amd  fiuorite  was  bo  called  because  it 
was  used  as  a  flux  in  working  certain  metals. 

Preparattom. — Moisaan  prepared  fluorin  by  passing  the  electric 
current  through  a  solution  of  acid  potassium  fluorid,  IIF^KF,  in 
anhydrous  hydrofluoric  acid*  Tlie  flnorin  was  set  free  at  the  posi- 
tive cloctrode,  while  hydrogen  wfus  evolved  at  the  ne^tive.  It 
ranuot  b©  obtaine^l  from  hydrofluoric  acid  because  the  fluoriu 
decomposes  the  water. 

The  apparatus  employed  is  a  U  tube  made  of  an  alloy  of 
{ihitintim  and  iridium,  with  electrodes  of  the  eame  materiah  The 
lir|iiid  hydrofluoric  acid  is  introduced,  and  then  one  fourth  ag  much 
id  potaasium  flnorid  added.  Since  the  liquid  hydrofluoric  acid 
la  very  volatile,  the  apparatus  must  be  cooled  to  a  low  tem- 
perature. For  this  purpose  it  is  immersed  in  methyl  cblorid,  by 
the  I'vaporatiou  of  which  the  temperature  can  be  kept  at  —  40^ 

Finoriti  has  also  been  obtained  by  Brauner  by  heating  to  260*^ 
liydroETcn  potassium  fluoplumhatej  3KF,HF,PbF^, 

Physical  Properties. — Plnorin  is  a  gas,  colorlesa  or  po&aihly  of 
a  pah'  y<*now  color.  The  odor  is  irritating  and  very  characteristicj 
reiiombting  that  of  chlorin  and  the  osids  of  chlorin.  On  account 
of  the  great  difficulty  of  handling  it,  its  phyaical  constants  have 
not  bwn  fidly  determinftL  Its  critical  temperature  and  pressum 
Are  —121'^  and  50.6  atmospheres.    It  liquefies  at  —187**  andsolidi- 
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fips  at  —233°.  Its  density  has  boon  approximately  determined 
ami  Is  such  as  t^)  iivlicate  the  molecular  formula  F,. 

Chemical  Properties.— ^luorin  is  the  most  active  of  the  chem- 
ical elements.  It  unites  with  all  the  other  elements,  even  gold 
and  platinum,  and  the  action  is  in  many  cases  intensely  energetic. 
It  unites  explosively  with  hydrogen,  bromin,  and  iodin.  Sulfur, 
phosphorus,  silicon,  and  finely  divided  metals  take  fire  and  bum 
with  vigor  in  it.  It  decomposes  organic  matters  and  inorganic 
compounds  generally  except  the  fluorids.  Its  principal  compounds 
are  the  fiuorids.  No  oxids  nor  ternary  acids  have  been  prepared, 
but  it  forms  fluo-aoids  and  fluo-salts. 

Physiological  Properties. — Fluorin  is  irritating  to  the  respira- 
tory organs  and  dangerous  in  the  extreme.  It  should  not  be 
breathed  even  in  the  smallest  quantity. 


CHLORIN. 

Symbol  CI.  Valence  I,  also  III,  V,  ^^I,  and  apparently  II  and  IV. 
Atomic  weight  35.45.  Density  35.45.  Molecular  formula  CI,  Molecular 
weight  70.9.    Specific  gravity  2.45.    Liter  weighs  3.18  grams. 

Occurrence. — Chlorin  is  ohomieally  too  active  to  occur  free  in 

ntiture.  Its  most  abundant  compound  is  sodium  chloride  NaCl, 
or  common  s:ilt,  which  U  universally  distributed  over  the  earth, 
being  found  in  all  soils  and  wattTs,  and  in  the  bodies  of  plants  and 
animiils.  It  is  tlio  principal  dissolved  substance  iu  sea- water  and 
salt  sprinirs,  and  also  occurs  in  beds  of  considerable  extent  as  rock 
salt.  Otiicr  compounds  are  potassium  chlorid,  KCl,  found  in 
soils,  waturs,  and  plants;  majcrncsium  chlorid,  MgCl,;  found  in 
waters  and  soils,  and  chlorids  of  iron,  lead,  silver,  and  copper, 
found  iu  nature  in  small  quantities. 

History — Chlorin  was  first  prepared  by  Scheele  in  1774,  who 
t]iou'2:ht  it  ji  compound.  Berthollet,  in  1785,  studied  its  properties 
and  called  it  oxinuvriatir  acid,  supposing  it  to  contain  oxygen. 
Its  elementary  character  was  su^^f^sted  by  Gay-Lussac  and  Th^nard 
in  1 800  and  satisfactorily  proved  by  Davy  in  1810.  Its  name,  which 
means  ffree?iifth'j/f'IInir,  >vaa  ^iven  it  by  Davy. 

Preparation. — Chlorin  is  obtained  from  its  compounds  in  many 
ways : 
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1,  By  seCtou  of  beat  or  eleciricitjr  upon  chlorids: 

pt€U  =  Pta,  +  ci,    .,,.,...  (I) 

HC1  =  H+Cl     . (3) 

S,  By  the  action  of  acids  upon  alkaline  bypochloritea; 

Ca(OCt)ei  +  3HCI  ^  CaCl,  4-  H,0  +  CU     ...»    (3> 

8*  By  tho  action  of  oxygen  or  oxidizing  agents  upon  bydrochloric  lieid 
or  c*hlt>ri(l^  ibe  oxygen  taking  the  hydrogen  or  the  metal  and  aetting  the 

chlorin  free; 

2MgCl,  +  0,  =  ^MgO  +  2C1, ,    .,...,    (4) 

MnO,  +  4HG1  =  MiiCI*  +  SHjO  +  CU     •     ....    (5) 

SNaCl  +  8H.SO4  +  MnO»  =  Na^SO,  +Mr»S0*-|-2H,0  +01,     ,    (6j 

isnci  +  4Kao,  =  4KC1  +  flH,o  +  sciOi  +  eci  .   .  .   (?) 

Chlorin  is  most  conveiiiently  prepared  from  manganese  dioxid 
and  hydrochloric  acid*  (Equation  5.)  The  matcriala  are  gently 
warmt'd  in  a  flask  furniBhed  with  safety*  and  delivery-tnhes*  T\m 
gas  \b  collected  by  dieplaoement  of  air,  or  over  brine  or  warm 
water,  but  not  orer  mercury.  If  pore  dry  chlorin  is  desired,  it  is 
pftascicl  through  a  water  wiiah*bottlo  to  remove  hydrochloric  acid 
and  through  sulfuric  acid  to  remove  moiatnre*  Chlorin  should 
always  be  prepared  under  a  hood  or  where  there  is  a  draft  to  carry 
the  fumes  away- 

I'or  bleaching  and  dietinfectiug  purposei  chlorin  ie  obtained 
from  chlorid  of  lime.     (Equation  3,) 

Chlorin  h  prepared  on  a  large  scale  for  manufacturing  puqxDses 
by  the  elect mly«is  of  .sodium  or  potassium  chlorid  in  soiutioa, 
the  metab  separating  at  the  cathode  as  hydroxids  while  the  chlorin 
t*  lilR*rat.ed  at  the  anode. 

In  another  mcthotl  the  chlorin  is  obtained  by  the  action  of 
hydrocliloric  acid  ujxjn  native  manganese  dioxid»  p\Tolusite 
(Equation  h).  The  manganous "  chlorixl  h  retM>vered  by  the  \^d' 
€bm  process.    The  Ft  ill  I iqunr  containing  the  nmnganouB  chlorid  is 

fctofl  mill  lime  and  then  witli  air  and  stream,  whereby  calcium 
Eanite  is  f(»nned: 


MnCI,+2Ca(HO),+0-CaMnO,+Caa2+2HA 

Tlib  b  rettimod  to  the  f=itill  where  with  hydrochloric  acid  it  yields 
cUorin: 

CaMnOa + 6HC1  -  CaClj + MnClj + 3H  ^0 + O^. 
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Tlie  Deacon  procvsSj  another  manufacturing  method,  consistB 
in  (loconiposing  hytlrochloric  acid  with  oxygon  in  the  presence  of 
cuprous?  chlurid.  Fragments  of  brick  are  impregnated  with  the 
ehlorid  and  lieutcd  to  redness  in  a  tube  while  a  mixture  of  air  and 
tlie  acid  is  ]):issed  over  them.  The  cuprous  ehlorid  acts  as  a 
carrier  of  oxygon  and  is  used  continuously.  The  reactions  are 
supposed  to  be  represented  by  the  following  equations: 

Cu^Cl,  +  0  =  CujOCl,  (cuprous  oxychlorid). 
Cu,OCl,  +  2TIC1  =  U,0  +  2CuCl,  (cupric  ehlorid). 
2CuCl,  =  Cu,Cl,+  CI,. 

Physical  Properties. — Chlorin  is  a  yellowish-green  gaa  with  a 
sharp,  sufTocating  odor  and  an  astringent  taste.  Its  atomic  weight 
is  35.45,  its  spcciiii-  gruviiy  is  2.46,  and  a  liter  weighs  3.18  granUi 
Its  vapor  density  at  :?00°  is  equal  to  its  atomic  weight  and  there- 
fore its  niijlccuk'  contains  two  atoms.  Below  200°  the  density 
increases,  sliowing  that  there  is  molecular  condensation,  while 
above  tliat  tcni]>crature  the  density  diminishes,  showing  partial 
dissociation. 

Untlcr  tlic  atmospliorlc  pressure  chlorin  becomes  a  liquid  at 
—  :M  .  At  d  the  i)rcssiire  required  is  6  atmospheres  and  at 
15  10  ainiosphorcs.  The  critical  temperature  of  chlorin  is  146* 
and  its  critiiral  pressure  is  1*4  atmospheres.  Liquid  chlorin  has  a 
g(ililen-yelli)\v  color,  does  not  mix  with  water,  has  a  low  refractive 
index,  and  is  a  non-conductor  of  electricity.  Its  specific  gravity 
i.s  1.50,  it  boils  at  —  3;].6^,  and  freezes  at  —  102°  to  a  yellow 
cryytallinc  mass. 

(  hlorin  is  quite  soluble,  one  volume  of  water  dissolving  2.6 
volume^  at  10  and  2  volumes  at  21''.  The  solution  has  the  color, 
odor,  and  gcniTal  chemical  properties  of  the  gas  and  is  called 
rlilorin  trnfvr.  It  readily  gives  up  the  chlorin  when  exposed  to 
the  air  or  wlicn  heated.  When  exposed  to  light  the  chlorin  slowly 
unites   witli    the   hydrogen   of  the   water,    setting   oxygen  free: 

n/)^-(1.  =  '.>i[ri  +  o. 

Below  10°  water  dissolves  a  larger  quantity  of  chlorin,  |md 
pale-green,  scahvlikc  crysbils  of  chlorin  hydrate^  Cl,,10H,O,  are 
formed.  This  com])f>nnd  is  unstable  and  soon  dccomposea  into 
chh>rin  and  chlorin  water.  If  the  crystals  be  quickly  dried  with 
blotting-paper  and  tlicn  sealed  up  in  a  glass  tube,  they  remain 
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uncbiinged  and  may  he  heated  evan  to  38^  before  separation  takes 
place.  At  ihU  teiiipt^nitivre  two  layers  are  formed  in  the  tube^ 
one  of  ohloriti  water  and  the  other  of  liquid  chlorin, 

Illu8tfEtioEi9«— Chlorm  water  U  made  hj  allowing  the  gus  to  bubble 
slowly  Ihmtigh  water  in  a  bottle, 

Cliloriii  hydnite  is  oblained  by  passing  tlie  gaa  iuto  water  whose  tem- 
prrAttire  is  alight ly  aliove  0*.  The  crystals  are  dried  with  blotting-paper 
Afitl  p  1*1^*1* rveti  in  scaled  glass  tubes. 

Liquid  chloriu  is  luctst  tjasily  prepared  from  the  hydrate.  This  h 
placed  in  one  end  of  a  strong  bent  tube  and  the  tube  ^ 

st-'iiltHh     On  being  gently  warnied  the  hydmte  dls&o- 
eMea  and  the  (?hlorla  is  liqiiefled  by  the  pressure  ^i 
withiu  the  tube.    On  iiuinersmg  the  empty  limb  of  the 
tube  In  a  freejcing  mixture  the  liquid  cbloriu  distils 
over  and  h  thus  separated  from  the  chlorin  water^  ^i°-  &^^ 

Cbemlcal  Properties. — The  chemical  activity  of  chlorin  is  very 
great.  It  unites  directly  with  all  the  elements  except  carbon, 
nitrogen,  and  oxygen*  and  the  chlorida  of  these  are  easily  formed 
Dj  chemical  processes.  It  ia  an  energetic  snpporter  of  combustion. 
Both  metals  aiid  non-metals  take  tire  in  it  either  spontaneously  or 
At  11  moderate  ternpemturo  and  burn  with  great  vigor^  forming 
chlorids,  8o  great  is  its  affinity  for  most  of  these  elements  that  It 
l»  eron  able  to  wrest  them  from  their  cnmb [nations,  and  thus  there 
are  few  sabstances  which  are  free  from  its  attacks.  It  has  but 
little  attraction  for  oxygen  and  nitrogen  and  beneo  it  does  not 
bom  in  the  air.  It  displaces  bromin  and  iodin  from  their  com- 
pounds and  is  itself  displaced  by  flnorin. 

The  affinity  of  chlorin  f*>r  hydrogen  is  sp&ciaJly  marked.  The 
mixt^  gasea  combine  with  explosive  violence^  compounds  contain- 
iog  hydrogen  are  generally  decomposed  b^  it.  It^ctg  upon  or- 
gsanie  matters,  nuiting  directly  to  them  or  dii?phicing  hydrogen 
or  taking  hydrogen  from  them  and  setting  carbon  free.  It  is 
ttidireetly  a  powcrfnl  oxidizing  agent.  It  takes  hydrogen  from 
watcrt  and  the  nascent  oxygen  sA  free  attacks  any  oxidimhle 
m.iH^T  present  It  u  in  this  way  a  bleaching  agent  and  a  dis- 
*nt.  Minf*ml  colors  are  not  destroyed  unless  they  admit  of 
tunlwT  oxidation,  and  dark  tints  due  to  ca^b^:>n,  such  as  printers' 
Ink,  sn*  not  affected  hy  it.  It  misea  many  osids  to  peroxids  and 
ooftrerU  tntfur  into  anifimc  acid. 
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niiiatratioiia. — The  chemical  activity  of  chloria  and  its  power  of  support- 
ing combustion  arc  shown  in  various  ways : 

1.  Lower  a  jet  of  burning  hydrogen  in  a  jar  of  chlorin.  It  oontinnet 
to  bum  with  a  white  flame:  H  +  CI  =  HCL 

2.  Lower  a  bit  of  phospliorus  on  a  combustion-spoon  la  a  jar  of  chlorin. 
It  bums  vividly:  P*  +  6CU  =  4PCli. 

3.  Drop  powdered  antimony  into  chlorin:  Sb  +  CU  =  SbOli. 

4.  Lower  a  lighted  candle  in  chlorin.  It  continues  to  bum,  bat  with  a 
smoky  flame,  carbon  being  set  free. 

5.  Dissolve  gold  leaf  in  chlorin  water  in  a  test-tube. 

Tlio  action  of  chlorin  upon  water  may  be  shown  by  inverting  a  jar  of 
chlorin  water  and  exposing  it  to  sunlight.  The  oxygen  colleota  at  the  top 
of  the  jar:  HtO  +  (M  =  2IICI  +  O. 

The  action  of  chlorin  upon  organic  compounds  is  shown  as  follows: 

1.  Fill  a  jar  inverted  over  water  half  full  of  chlorin,  then  add  rapidly 
an  equal  volume  of  ethylene.  Oily  drops  of  ethylene  ohlorid  sink  to  the 
bottom  of  the  vessel:  Galli  +  CI,  =  CH4CU. 

2.  Fill  a  jar  over  siilt  water  with  equal  volumes  of  marsh-gas  and 
chlorin  and  expose  to  sunlight.  The  hydrochloric  acid  produced  is  ab- 
sorbed by  the  water  and  methyl  chlorid  remains: 

CH*  +  CI,  =  nCl  +  CH.CL  • 

> 

3.  A  piece  of  tissue>pai>er  meistened  with  warm  oil  of  tarpentiiie  takH 

Are  in  chlorin  and  burns  with  a  smoky  flame: 

CioII,.  +  16CI  =  16  HCl  +  IOC. 

To  show  the  bleaching  and  disinfecting  action  of  chlorin  : 

1.  Add  chlorin  water  to  a  solution  of  indigo  or  litmus.  The  bine  color 
disappears  ininiediately. 

2.  Suspend  pieces  of  moistened  calico  in  a  jar  of  weak  chlorin.  In 
a  little  while  the  colors  will  1)0  discharged. 

W.  To  a  jar  containing  hydrogen  sulfld  add  chlorin  water.  The  odor 
of  the  liydroi^en  .sulfid  disappears. 

Physiological  Properties. — Chlorin  is  poisonous  and  dangerous. 
A  sinirU*  iiisjnration  of  the  imro  giis  would  no  doubt  produce  death.' 
All  atiiios]»liero  containing  even  small  quantities  induces  in  a  little 
wliilo  hearlaflie  and  languor.  Chlorin  should  therefore  be  handled 
Avith  irrrat  faro. 

Uses, — Chlorin  is  usod  in  bleaching  and  disinfecting,  in  the 
injiTHifju'tiiro  of  chlorid  of  lime,  in  the  extraction  of  gold  from  its 
ores,  and  ns  a  n^-igent  in  chemical  laboratories.  Liquid  chlorin  is 
traiisj)ortod  in  lead-lined  iron  bottles  for  useVhere  it  is  not  con- 
venient to  ])rei)are  chlorin. 

\ 
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Tests. — Pre©  chlorin  is  known  by  its  color*  odorj  and  general 
'elit^uutml  properties.  In  Bolntion  it  U  recognized  by  its  bleaching 
action  I  iU  pownr  of  dissolving  gold,  and  its  producing  a  blue  color 
in  ftohitionfi  of  pota&fiium  iodid  and  starch.  The  goneral  reagent 
for  chlonTi,  both  free  and  combined,  is  silver  nitmte,  from  wluoh 
it  prmpitates  silver  chloride  a  white*  substance  inisolublo  in  acids 
but  soluble  in  animoni». 

BEOMIN* 

Symbol  Br,  Talenco  I,  also  V  and  VIL  Atomio  weight  60.  Density 
80,  Molet-ular  foTtnnla  Bfq.  Mokeular  weight  IdQ,  Specific  gravity  S4 ST. 
Lit^^rof  Vjijior  weighs  7.143  grams. 

Occurrence. — ^Bromin  does  not  occur  free-  Its  principal  natiTe 
^mponndg  are  the  bromids  of  magnesium,  ealciutn^  sodinm^  and 
>tafisinm.  These  are  widely  distributed  in  nature,  but  always  in 
lall  quantities.  They  are  found  in  sea-sa!t  and  mineral  waters 
and  are  commonlj  associated  with  tlie  correFponding  chlorids. 
CVrtain  silver  ores  from  Chili  and  Mexico  contain  silver  bromid. 
Bromin  hm  aliso  been  found  in  seaweeds  and  some  marine  animals. 
Histary*— Bromin  was  discovered  by  Bahmi  in  1826.  He 
obtained  it  from  the  bittern  or  motlier-liquor  that  remained  after 
|lie  conunun  salt  had  erystallisied  out  of  concentrated  sea-water. 
[a  gave  it  its  name  from  the  Greek  word  wMch  meauM  stenvK 
The  larger  part  of  the  bromin  of  commerce  conies  from  the 
kWells  of  the  United  States,  particularly  West  Virginia,  Michi- 
and  Ohio,  In  Europe  the  chief  source  of  snpply  is  the 
;>ota68iiim*chlorid  mines  of  Stastsfurtt  Germany* 

Preparation,^  Bromin  is  obtaiTied  by  reactions  similar  to  those 
rhich  yield  free  chlorin.     The  most  important  are 


1.  Bj  the  aetioii  or  cldorin  upon  bromids  : 

NaBr  +  V\  =  NaCl  +  Br 


(1) 


2.  By  the  joint  action  of  manganese  dioxld  and  suUiiHc  add  upon 

tKBr  +  ^n,SO<  +  HnOi  =  K,SO*  +  MnSO*  +  2HiO  +  Br.      .    (2^ 

There  are  two  methods  of  preparing  bromin  on  a  large  scale,  in 
both  of  which  the  bittern  nf  the  palt  works  is  used.  This  contains 
brotnidj  and  chlorids  of  magnesium^  sodium^  and  pot&ednm. 


m\tm  rfi- 
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In  the  first  method  the  mother-liquor  is  mixed  with  manganese 
dioxid  and  sulfuric  acid  and  heated  in  stone  stills.  The  chloiin 
set  free  from  the  chlorids  acts  upon  the  hromids,  setting  the 
bromin  free,  which  distils  over  and  is  retained  in  condensers.  The 
reactions  are  as  follows: 

Mgtl,  +  MnO,  +  2H,S0,  =^nSO,  +  MgSO,  +  2H,0  +  CO,    (S) 
MgBr.+  Cl,  =  MgCl.+  Br. (4) 

Some  of  the  bromin  is  idso  liberated  according  to  equation  (2). 

In  the  second  method  the  chlorin  is  generated  in  a  separate 
vessel  and  brought  in  contact  with  the  mother-liquor  as  it  descends 
througli  a  tower.  The  bromin  is  carried  away  by  a  current  of 
steam  and  collected  in  condensers. 

IHastrations.— Pass  chlorin  gas  through  (or  add  chlorin  water  to)  a  sola- 
tion  of  potassium  or  sodium  bromid.  A  brown  color  appears  indicating 
the  Iib(Tatioii  of  ])romin.  (Equation  1.)  Add  a  little  ether  and  shakiL 
The  ether  dissolves  the  bromiu. 


Fio.  55. 

To  pro])aro  bromin  according  to  reaction  2  above,  place  8  grams  each 
of  potassium  ])rnini(l,  iiKui^anese  dioxid,  and  sulfuric  acid  in  a  small 
retort  whose  n»M,k  passes  into  a  well-cooled  receiver  containing  a  small 
quantity  of  water.  Upon  tiie  application  of  a  gentle  heat  the  bromin  dis- 
tils over  and  collects  under  the  water  in  the  receiver.  The  water  is  oolozed 
by  dissolve<l  bromin. 

Physical  Properties. — Bromin  is  a  heavy,  mobile,  opaque, 
reddish-brown  liquid,  with  a  penetrating  chlorin-like  odor  and  a 
specific  nrravity  at  0^  of  3.188.  It  boils  at  59^  yielding  dark- 
brown  vapors  which  are  more  than  five  times  as  heavy  as  air.     It 
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is  TL*ry  volatik,  eTaiJoratiiig  rapidly  at  the  ordinary  temperature, 
and  can  or^ly  be  kept  in  well-stoppered  bottles.  The  vapor  density 
corrospondd  to  tho  forniuk  Br,,  but  a  si  the  temperaturij  rkes,  dis- 
fociittiou  i%%km  pltitre  imd  is  complete  iit  1200^,  It  freeiseB  at  —  7** 
t*>  a  brown,  crygtullirie  iolid.  Bromin  is  the  only  non-metal  which 
is  litiuid  at  tht.*  ordiuary  temperature, 

Bronuu  forms  with  water  a  yellow  solution  call&d  hromin  water ^ 
which  possesses  all  the  properties  of  the  liquid.  One  hundred 
Tolumes  of  water  dissolve  at  5°  3,6  volumes  of  hromin,  at  10''  3,33 
Yohimes^  at  *2U"  3.2  vohimesp  and  at  30"  3*1  Yolumes.  It  is  more 
aolnble  in  ahruhol,  ether,  chlaroform,  and  carbon  disulOd. 

When  bromiu  water  b  cooled  to  0  '  hromin  htidraiey  Brj,,10n,Oj 
Bepanites  a©  a  red  crystalline  solid  which  decomposes  at  15'. 

Chemical  Properties,  ^Chemically  bromiu  resembles  chlorin 
vc»ry  closely,  but  its  activity  is  less.  Its  affinity  is  especially  sti^uug 
for  hydrogen  and  the  metals,  but  it  does  not  unite  wflh  oxygen. 
It  diJiplacee  iodin  and  m  itself  displaced  by  chlorin/'  It  acts  on 
organic  conipoundj*  just  as  chlorin 'doBB.  Like  chlorin  it  is  an 
oxiduing  agent  beciiuse  of  its  affiiuty  for  hydrogen.  It  bleaches 
Cftintly  and  colors  starch  yellow.  The  aqueous  solution  remains 
nncti^nged  in  the  dark,  but  in  eunlight  HBr  ie  formed  and  oxygon 
flol  frw:  Br,  +  11,0  =  2HBr  +  0. 

OloatratkiM.-'The  properties  of  bromin  may  be  illustrated  by  a  series 
or  DjEiwrioieuts  similar  to  tbose  ased  with  chlorin.  The  actioG  of  certain 
mtlala,  as  ptilftssium  and  anlimony*  upon  nquid  bromm  is  very  violent  and 
tba  expeninenier  should  use  small  quantities  and  be  well  on  his  guard.  The 
bfcnxtiti  i!s  best  takt^n  from  ibi*  bottle  with  a  balb  dropper. 

T<i  show  its  Tolatilitj  place  a  single  drop  in  a  small  flask. 

To  show  its  selutnlity  add  a  drop  to  a  test  tube  of  water  and  shake. 

To  show  its  rl I R placement  by  chlorin  and  its  action  on  starch  add  ehlorin 
water  to  potassium  bromid  starch  solution :  KBr  +  CI  =  KCl  +  Br. 

To  show  its  nctioTi  upon  metnln  place  a  few  drops  in  a  test-tube  and  add 
earrfuny  a  small  frn^cnt  of  antimony :  Sb  +  Ba  =  SbBr,. 

Pbjslotoglcal  Properties. — Bromiu  is  a  corrosive  poison.  Its 
odor  is  nnplea^nt  and  suffocating.  It  is  irritating  to  the  mncone 
Tn'^mbtmne  of  the  throat,  no&e,  and  eyes.  The  liquid  bums  the 
flkin  and  makes  Bores  which  beal  with  diflRculty. 

Uses* — Bromin  is  naed  in  laboratories  for  Tarious  purposes^ 
pArit€ii1ar1y  as  nn  nxidixmg  ngent.     It  ia  used  in  the  manufaetnre 
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of  anilm  colors  and  other  organic  compounds.     The  bromids  ai% 

used  in  medicine  and  in  photography* 

Tests. — Free  bromin  is  recognized  by  its  odor  and  its  effect 
upon  starch  soltition.  Bromida  give  with  silver  nitrate,  AgNO^, 
a  precipitate  of  silver  bromid :  AgNO^  +  HBr  ^  HNO^  -|-  AgBr. 


lODIN, 

Symbol  I,  Valence  I,  also  lit,  Y,  and  Yll.  Atomic  weight  12T. 
Density  1:^7.  Molecular  formaki  I».  Moiecular  weight  %M.  SjjecifiQ 
gravity  4,95.    liter  of  the  vapor  weighs  1L334  grami. 

Occurrence,— lodin  does  not  occur  free.  Ita  principal  cem- 
pounda  are  the  iodida  and  iodates  of  potassium^  sodhim^  niag- 
ncBium,  and  calcium.  These  are  widely  distributed  in  small 
quantities.  They  are  found  in  sea-waterj  mineral  eprings,  and 
marine  plants  and  animals. 

Until  recent  years  the  principal  sonrce  of  the  iodin  of  comm^rc^ 
was  the  ash  of  seaweeds  found  on  the  coasts  of  Ireland,  Scotland, 
and  France.  Now  it  ia  mostly  obtained  from  the  scMiium  iodate, 
NalO,,  and  sodium  iodid,  NaT,  which  are  found  In  small  quan- 
titicB  in  the  sodium  nitrate  which  comes  from  Chili  and  Peru. 

History. — Iodin  was  discovered  by  Courtois,  of  Paris,  iu  1811 
in  the  mother-liquors  obtained  in  the  preparation  of  sodium  stdli 
from  kelp  or  burnt  seaweeds.  Its  elementary  character  was  eatftb- 
liahed  by  Gay-Lussac  in  1815,  Its  name  is  Greek  and  me 
violet^  refemng  to  the  color  of  its  vapor. 

Preparation,— Iodin  maybe  prepared  from  the  iodids  by  the" 
action  of  chlorin : 

KI  +  Cl^KCl  +  I  ....•-    (1) 

Or  as  in  the  case  of  chlorin  and  bromin  by  the  action  of  nmn- 
ganese  dioxid  and  sulfuric  acid  upon  iodids: 

2KI  +  MnO,  +  2H,S0,  =  K,SO,  +  MnSO,  +  2H,0  +  I,     (1 

Pure  iodin  is  best  preparetl  by  heating  dry  potassium  iodid 
excess  with  dry  potassium  dichroraate! 

lUustrationB.— Pour  a  little  soIFuric  acid  on  a  few  crj^atals  of  potassfa 
iodid  in  a  test-tube.  Iodin  is  set  free  and  at  the  same  time  fumes  of  bydr 
gen  iodid  are  seen. 

Place  in  a  small  retort  a  mixttire  of  equal  parts  of  potai^ium  iodid  and 
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maoganese  dioxid  and  cover  with  sulfuric  acid.  On  the  application  of  heat 
the  iodin  distils  over  and  condenses  in  the  tube  of  the  retort  or  in  a  con- 
denser. 

Physical  Properties, — Iodin  is  a  dark  bluish  gray,  shining,  solid, 
crystallizing  in  rhombic  prisms  or  in  scales  which  have  a  specific 
gravity  of  4. 95.  Thin  leaves  transmit  red  light.  It  has  a  peculiar 
odor  resembling  that  of  chlorin  and  bromin,  and  a  taste  which  is 
characteristically  sharp  and  astringent.  It  melts  at  116°  to  a  dark- 
brown  liquid,  and  boils  at  about  180°,  giving  a  heavy  dark  violet 
vapor.  Its  heat  of  fusion  is  11.7  calories  and  its  heat  of  vaporiza- 
tion is  24  calories.  It  is  volatile  at  the  ordinary  temperature  and 
may  be  sublimed  without  melting.  Its  vapor  density  up  to  700° 
corresponds  to  the  formula  I,.  Above  this  temperature  dissocia- 
tion takes  place  and  at  1500°  amounts  to  about  75  per  cent.  The 
specific  heat  of  solid  iodin  is  0.054,  liquid  0.109. 

Iodin  is  but  slightly  soluble  in  water,  one  part  requiring  5524 
parts  of  water  at  10°.  It  is  freely  soluble,  with  brown  color,  in 
alcohol,  ether,  and  aqueous  solution  of  potassium  iodid.  The 
solution  in  chloroform,  carbon  disulfid,  and  other  liquid  hydro- 
carbons is  violet.  The  tincture  of  iodin  of  the  drug-store  is  a 
solution  of  one  part  of  potassium  iodid  and  two  parts  of  iodin  in 
64  parts  of  alcohol. 

ninatrations.— Note  the  color,  odor,  and  taste  of  iodin.  Place  a  crystal 
in  a  tube  and  gently  warm  it.  Violet  vapors  fill  the  tube  and  crystals 
form  on  the  walL 

Add  to  the  tube  a  few  cubic  centimeters  of  alcohol  and  form  solution. 

Chemical  Properties. — Chemically  iodin  is  similar  to  chlorin 
and  bromin,  but  less  active.  It  is  replaced  from  its  compounds  by 
both  these  elements,  as  well  as  by  fluorin : 

£I  +  Br  =  KBr  +  I    .     (3)  Nal  +  CI  =  NaCl  +  I    .     (4) 

It  unites  directly  with  phosphorus,  antimony,  mercury,  zinc,  iron, 
potassium,  and  other  metals.  Its  action  with  potassium  and 
phosphorus  is  specially  violent. 

K  +  I  =  KI    .     (5)  P  +  I,  =  PT,    .     (6) 

It  forms  hut  one  oxid,  Ifi^,  The  hydrogen  compound  HI  must 
be  formed  indirectly  and  is  quite  unstable. 


23 1  ISOliGAAlC  CUEMI8TBT.  [Ch.  XXI. 

It  acts  as  an  oxidizer  in  the  presence  of  water^  but  not  very 
strongly.     It  converts  sulfurous  into  sulfuric  acid: 

II^SO,  +  I,  +  11,0  =  1I,S0,  +  2HI       ...     (7) 

It  colors  starcli  blue,  and  this  property  affords  a  very  delicate  test 
for  iodin.  The  nature  of  this  blue  solution  is  not  known.  It 
loses  its  color  at  80  ,  but  the  color  returns  on  cooling.  The  color 
is  destroyed  by  boiling.  Solutions  of  iodin  are  decolorized  by 
potassium  hydroxide  the  iodid  and  iodate  being  formed : 

01  +  OKIIO  =  5KI  +  KIO,  +  3H,0      •     .     .     (8) 
Nitric  acid  oxidizes  it  to  iodic  acid,  IIIO,. 

niustrations.— L'ly  a  crystal  of  iodin  on  a  small  piece  of  phoBphom& 
The  heat  of  tho  reaction  sots  the  phosphorus  on  fire. 

Mix  iu  a  tube  water,  iodiu,  aud  filiugs  of  iron  or  zinc  and  note  the 
action. 

Dissolve  in  a  jar  of  water  a  small  crystal  of  potassium  iodid  and  a  littlo 
starch  paste,  thou  add  a  few  drops  of  chlorin  water.  The  iodiu  set  free 
colors  the  starch  blue.  To  get  the  best  results  the  solution  must  not  be  too 
strong.  This  is  the  characteristic  test  for  iodin  and  is  so  delicate  that  it 
will  detect  1  part  of  iodin  in  400,000  parts  of  water. 

Add  potassium  hydroxid  to  a  sohition  of  iodin.    The  color  disappears. 

Physiological  Properties. — Iodin  acts  upon  the  mucous  mem- 

bniii(\'<,  but  hss  activoly  than  tlie  other  halogens.  It  colors  the 
skin  br()wu  and  acts  as  an  a])sorl)ent  and  counter-irritant. 

Uses. — Iodin  is  used  in  choniical  laboratories,  in  medicine,  in 
tlio  niiinufactun'  of  anilin  ('(^lors,  and  to  a  limited  extent  in 
]>hotograj)hy.     Noarly  a  million  pounds  are  consumed  annually. 

Tests. — Iodin  is  rooogniztMl  by  the  blue  color  it  gives  to  starch 
and  tho  purjdo  color  of  its  solution  in  carbon  disulfid.  The  iodids 
give  characteristic  y)rocipitate8  with  salt^  of  lead  and  mercury. 

Illustrations. --In  throi*  jars  containing  dilute  solutions  of  potassium 
iodic!  a«Id  solutions  respectively  of  lead  acetate,  mercurons  nitrate,  and 
mercuric  clilorid.  Prerfipitatos  are  formed  in  the  first  of  yellow  lead  iodid, 
Pbla  :  in  the  second  of  yollowish-fn*een  mercurons  iodid,  Hgil« ;  in  the 
third  ef  red  mercuric  iodid,  Ilgla. 

THULIUM. 
Symbol  Tu.    Atomic  weight  171.    Valence  land  TIT  (?). 
In  1879  Cli'vo  discovered  a  new  earth  in  a  sample  of  gadolinite.     Ho 
named  it  thvh'a,  from  Thulc,  the  ancient  name  of  Scandinavia.  The  element 
has  not  l>een  sufTiciently  studied  to  justify  its  description  here. 


CHAPTER  XXIL 

HALOID  ACmS  AND  OTHER  C0MPOnND& 

HALOID  ACIDS. 

Hydbogek  forms  one  compound  with  each  of  the  halogens. 
These  are  all  colorless  gases  and  present  a  regular  gradation  of 
properties.  Hydrogen  flnorid  is  the  most  stable  and  yet  at  the 
same  time  the  most  active^  because  of  the  activity  of  flnorin.  Hy- 
drogen iodid  is  the  least  stable  and  at  the  same  time  the  least 
active. 

These  compounds  all  dissolve  in  water  to  acid  solutions,  hut  do 
not  seem  to  form  definite  hydrates.  In  writing  their  formulas  the 
water  is  not  included,  and  so  they  are  called  binary  acids.  They 
undergo  dissociation  in  the  presence  of  water,  and  the  aqueous  acid 
always  contains  hydrogen  ions  and  halogen  ions.  They  act  with 
bases  like  other  acids,  yielding  binary  salts ;  as, 

HCl  +  Na  =  NaCl  +  H,     HBr  +  KHO  =  KBr  +  H,0. 

The  acids  and  a  few  typical  halids  are  as  follows: 


HF 

KF 

NaF 

MgF. 

CaF. 

AlF. 

SiF« 

Hca 

ECI 

NaCl 

MgCl. 

Oaa> 

AlOI. 

SiCa« 

UBr 

KBr 

NaBr 

MgBr, 

OaBr. 

AIBr. 

SiBr, 

m 

EI 

Kal 

Mgl. 

Oal. 

All. 

Sil. 

HYDBOOEK  PLUOWD.      HYDBOFLUOBIO  ACID. 

Formula  HF  and  H,F,.    Structure  H— F  and  H— F=:F— H.    Molecular 
weight  40  and  20.    Density  20  and  10.    Specific  gravity  of  liquid  0.99. 

Occurrence  and  History. — Hydrogen  fluorid  does  not  exist  free. 
It  was  discovered  by  Scheele  in  1771. 

285 


236  lyOBGAyiC  CUEMIBTRT.  [Ch.  XXII. 

Preparation — Hydrogen  fluorid  is  prepared 

1.  By  heatiag  the  double  flaorid  of  hydrc^n  and  potaanum  : 

HF,KF=KF+HF ffl 

2.  By  the  action  of  hydrogea  upon  silver  fluoride : 

AgF  +  H=Ag  +  HF (Q 

8.  By  the  action  of  sulfuric  acid  upon  fluorids : 

II,SC)4  +  CaF,  =  CaSOi  +  2HF (8) 

By  the  first  two  methods  perfectly  dry  and  pnre  hydrogen  flno- 
rid  is  obtained.  The  third  method  is  most  conyenient  and  the  one 
usually  employed,  though  the  gas  thus  obtained  is  not  dry.  Findy 
pulvorizod  lluoi-siKir,  CaF, .  is  heated  with  sulfuric  acid  in  a  lead  or 
platinum  retort.  The  gas  is  coudenscd  in  a  U  tube  immeraed  in  a 
frceziTi<,^  mixture,  or  is  conducted  into  water  contained  in  lead  or 
phitinum  vessels.  As  the  gas  is  a  detidly  poison  it  mnat  be  handled 
with  extreme  r.iution. 

Physical  Properties. — Anliydrous  hydrogen  fluorid  la  a  ook»^ 
ess,  funiin",'  li<iuid  of  specific  gravity  0.99  at  12°.  It  boils  at  19' 
and  solid  Hies  at  —91^.  Its  vapor  density  at  32*'  corresponds  to  the 
forinuhi  II.J'\,  but  as  the  tem])eraturo  rises  dissociation  takes  place, 
until  at  SS    ilu;  density  is  10.  which  gives  it  the  formula  HF. 

llydroirm  IhK^rid  dissolvi's  readily  in  water,  forming  the  soln- 
tinii  callod  /if/t/mjlunn'r  (trills  which  when  saturated  has  a  specific 
gravity  of  Xrl'i.  At  l-O^  an  a<'id  distils  over  having  a  specific 
gravity  of  I.IT)  and  rontaininsr  •^•'>'^  por  cent  of  HF. 

Chemical  Properties.— 11  yd  roil  uorio  acid  is  one  of  the  most 
aciivi'  of  all  siilisianrcs.  It  dissolvi's  all  the  metals  to  form  fluorids 
except  iTold,  platinuni,  and  lead.  It  decomposes  the  most  stable 
oxid-,  I  he  carhojiatcs  and  tlie  silicates.  It  readily  dissolves  glass 
and  caniint  he  kept  in  ordinary  bottles.  Tt  unit<»s  with  the  silicon 
of  tin*  -la-s  to  form  silicnn  tlnorid,  SiF^.  It  is  preserved  in  vessels 
of  lead,  plttiiiiirn,  or  ^jutta  ]>»Tcha.  Laboratory  supplies  are  usually 
kej)t  ill  hot'lc^  innd"'  of  crnsine,  a  kind  of  wax. 

Tiiean!iydrou<  li.piid  po^-icssfs  ]  >ro  pe  rt  ies  some  what  dilTerent  from 
those  of  til.'  solution.  It  sei-nis  not  to  he  able  to  start  an  action 
without  tljc  hc1|)  <»f  Tnojstun'.  Class  and  some  of  the  metals  are 
free  from  its  at  larks,  l)nt  tin*  presence  of  the  smallest  amount  of 
moist un*  causes  the  action  to  beffin. 
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The  acid  g^ivea  rise  to  three  kinds  of  ealta  ctiWedflaorids,  acid 
fiuoridx^  auil  douidvjluorids,  Kxamples  are  calcinm  fluorid,  CaFj, 
hydrogen  poljiseium  fluorid,  Hi\KF,  and  sodium  alnminum  flu- 
orid,  Nii,Fj,AlFj,,  These  conipoim<!a  are  eipJaioed  by  the  double 
molecule  of  hydrogen  fluoride  ii,F,.  Thisre  may  be  a  simple 
molecular  uuioD,  or  the  fluoriQ  may  have  a  ¥alenco  three.  On 
the  latter  fiuppositiou  the  second  formula  would  have  this  structure: 
H — F^F — K,  aud  tile  third  would  be  written  thus; 

yF=F— Na 

A1^F:=F— Na 

^F=F— Na 

IIIiistiatioiii.--Tlie  form  a  Hon  of  hydrogen  fiaond  and  the  etoMng  of 
glast  may  b&  abown  as  follows  :  A  gram  of  powdered 
calcium  fluorid  ^tluurB|mr)  \a  ptneed  iu  a  dish  of  lend  or 
iron  and  enough  strong  siilfurk  aciJ  added  lo  make  a 
pMlit*  A  piece  of  wiudovr*glags  is  covered  with  a 
ooatiitg  of  waji  by  the  aid  of  lieat,  »nd  designs  drawn 
upon  it  with  a  sharp  point  cutting  through  the  wai. 
Tiie  g\ms  is  then  laid  wax  down  upon  the  dish  and  a 
geotJe  heat  applied  be  tow  until  fumes  of  the  gas  are  seen* 
lo  a  little  while  the  liues  will  be  found  to  bo  etched  in 
tbe  glms.  The  wax  may  be  melte*!  aud  removed  with  a 
mg  or  scraped  away  with  a  knife. 

Tests  and  Uses, — Hydrofluoric  aoid  is  recog- 
nise<J  by  its  etching  properties.     It  is  largely  need  f,r.  m. 

for  graduating  glass  apparatus  and  omamentiug  glassware. 

Fluorid  lon,^^ — ITie  dissociation  of  hydrogen  fluorid  is  much 
lees  than  that  of  the  other  haloid  acids,  amounting  to  only  alx»ut 
3  per  cent  in  the  nomml  solution.  The  activity  of  the  acid  and 
of  all  soluble  fluorids  is  mainly  due  to  the  fluorid  ion  F^  which  is 
|iOE^ibly  the  most  active  of  all  ions.  This  ion  is  colorless  and 
univalent  and  always  negatix^e.  Its  heat  of  formation  from  molec- 
ular fluorin  is  53,8(10  calorics.  Fluorin  also  fornis  complex  ions  m 
in  the  fliioacicU  and  fluosalt^. 

ITYnROQEN  CHLORID.       HYDROCHLOEIO  ACID.       MtTRTATTC  AriD. 

Formuln  HCL  Moleculur  weight  36.45.  Density  18.2.  Specifio  gmvity 
1*^,    Liter  wcjghi  \M  grams. 

Occurrence. — This,  the  only  compound  of  hydrogen  and  chlorin, 
scftrcelT  oecura  native  except  in  the  exhalations  of  active  Yoleanoeg 
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(Vosnvius  and  Heola)  and  in  some  rivers  in  volcanic  regions,  as  in 
South  America.  Tt  is  a  constituent  of  the  gastric  jnice  of  vertebrate 
animals. 

History. — Aqna  ropia,  a  mixture  of  hydrochloric  and  nitric 
acids,  was  known  to  the  Arahian  alchemists.  Basil  Valentine  in 
the  fiftoentli  contnrs*  doporibed  hydrochloric  acid  under  the  name  of 
'*  spirit  of  salt.*'  Glauber  in  1648  obtained  it  from  salt  and  ralfarie 
acid  and  gave  it  the  name  '*  muriatic  acid '' (from  murtay  brine). 
The  free  gus  was  lirst  obtained  and  collected  over  mercury  by 
Priestley  in  177*2,  and  Davy  ascertained  its  composition  in  1810. 

Preparation. — Hydrochloric  acid  may  be  prepared: 

1.  By  the  direct  uuiun  of  its  constituents,  as  when  a  miztoie  of  equal 
volumes  of  hydrogen  aud  chlorin  is  exposed  to  sunlight,  a  flame»  an  dec- 
trie  spark,  or  magnesium  light :  II  +  (yl  =  HCl (1) 

2.  By  tlie  action  of  chloriu  upon  hydrogen  oomponnds,  sooh  as  iratsr, 
hydrogen  sullid,  ethylene,  and  oil  of  turpentine  : 

H,0  +  CI,  =  2HCI  +  O (» 

8.  By  the  action  of  sulfuric  acid  upon  chlorids : 

NaCl  +  U,S04  =  NaHSO*  +  Hd (Q 

2NaCl  +  1I,S04  =  Na,S04    +  2H01 (4) 

4.  By  the  action  of  hydrogen  upon  certain  metallic  chlorids,  foeh  as 
silver  chlorid  : 

AgCl  +  II  =  UCl  +  Ag (5) 

The  gas  is  best  prepared  by  gently  warming  a  mixture  of  six 
parts  of  common  salt  and  eleven  parts  of 
sulfuric  licid  in  a  flask  provided  with  safety-  and 
deli  very- tubes  and  wash-bottle.  The  reaction  is 
acc'ording  to  equation  3.  If  a  larger  propor- 
tional amount  of  salt  is  used,  tlie  reaction  of 
equation  4  takes  place,  but  a  high  temperature 
is  required  to  complete  it.  The  gas  may  be 
rollecti^d  by  displacement  in  dried  bottles,  or 
over  mercury,  or  may  be  conveyed  into  bottles 
containing  water  in  which  it  dissolves  with 
Fio.  re.  great  vigor. 

This;  reaction  is  a  gcMioral  one.  Wlien  an  acid  and  a  salt  are 
l.)n»u2:ht  toguUiLT,  they  roact,  forming  the  other  acid  and  the  other 
salt,  until  ila'  four  i-oiiiihhuuIs  pre<cnt  are  in  equilibrium  in  accord- 
ance with  the  law  of  mass  action.  If  one  of  the  compounds  formed 
Is  vol:iiilc,  ami  (\<capcs,  tlic  (.Miuilibrium  is  disturbed  and  the  action 
eomiinu-^.     In   this   way  even  a  stnmg  acid  may  be  generated 


.XXn.]  BALOm  ACIDS  AND  OTHER  COMPOUNDS. 


jm  its  salts  by  the  actina  of  a  weaker  acid.    In  the  case  before 
Ets^  tile  hydrogen  chloride  is  conductctl  away  and  the  action  con- 
tinues niitil  the  sotUum  chlorid  is  all  deconiix>sed,  or  until  the 
Dtion  is  complete,  r' 

lUystratiQQa, — The  direct  union  of  hydrogen  and  chlorin  may  be  shown 
by  hUiag  a  jar  with  equal  volumes  of  the  two  gases  and  !:> ringing  a  lighted 
tftp#"r  to  it«  mi.nith<  A  violent  explc»iion  ensues  and  fumes  of  hydrochloric 
acid  appear  (Equation  1.)  The  mixture  is  mtiat  easily  olitalned  as  foUowaj: 
i^ll  two  jarf»  the  one  with  hydrogen  and  the  other  with  chiorin,  bring  them 

nth  to  mouth,  the  hydrogen  above,  and  invert  a  i^w  time^.     Both  jars 

now  full  of  the  mixture, 

A  pfettj'  experiment  may  be  made  by  filling  small  bulbts  of  thin  glass 
irith  the  mLxed  gases  obtained  by  the  elect rolyais  of  hydrochloric  acid  and 
then  fenJIng  them.  On  being  exposed  to  sunlight  or  magnesium  light  they 
explode  with  violence,  shattering  the  glass.  The  bulbs  must  be  kept  in  the 
dmrk,  Bince  the  gases  slowly  unite  in  diffused  daylight. 

Lower  into  a  jar  of  chlorin  a  )et  of  burning  hydrogen  and  note  the  char- 
mcltt  of  the  fl^ame  and  the  fumes  of  UCL 

The  oommiTcial  acid  is  chiefly  obtained  as  a  waste  product  of 
the  ioda  manufactUTe*  Salt  and  sulfuric  acid  heiog  uaed^  large 
quantities  of  hydrogen  chlorid  are  CTolired^  The  gae  is  conducted 
into  towers  filled  with  coke  or  bricks  over  which  water  contlnuoudy 
tftckles*     The  gaa  is  disflolvetl  and  the  solution  m  drawn  off  below. 

Physical  Properties^— Iljurogeii  chlorid  is  a  colorless  gim  with 
II  ptingefit,  i^ulTocatiug  odor  and  acid  taste.  It  fumes  strongly  in 
the  air,  diaaolving  in  the  coudcnaed  moiature.  Under  a  pressure  of 
40  atmoiphereB  at  10^  or  1  atmosphere  at  —  80,3''  it  condenses  to  a 
colorless  liquid  of  gpecific  gravity  1.27  which  boils  at  —  80.3^  and 
tr^zes  at  —  113^  Ita  critical  temperature  is  52.3*^  and  ita  critical 
prefigure  ia  86  atmo^phereep     Being  somewhat  heavier  than  air, 

ific  gravity  1.20,  it  ia  easily  collected  by  displacement 

The  ga©  is  very  soluble  in  water,  one  volume  at  0"^  dissolving 
folumea.  Aa  the  temperature  rises  the  aolubility  diminishes^ 
0  coefficient  of  iohibility  beiug  450  at  10%  411  at  30%  and  ZH4  at 
50%  A  solution  saturated  at  15^  contains  42*9  per  cent  of  the  gas 
And  hm  a  specific  gruvity  1.212.  If  this  golntion  be  heated,  the  gm 
eficapei  uutil  the  teni|>eratnre  rises  to  llO''^  when  the  liquid  distils 
over-  The  distillate  has  a  specific  gravity  of  1,104  and  contains 
20.1*4  per  cent  llCl,  very  nearly  corresponding  to  the  formula 
HCl  +  811,0,    This  ia  not  a  definite  compoond,  as  the  composiUon 
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of  the  distillate  varies  with  the  pressure.  If  the  solution  be  cooled 
to  —  40®,  or  if  IICI  be  passed  through  the  solution  cooled  to  —  22°, 
crystals  having  the  definite  composition  HGl  +  2H,0  separate 
out.     These  melt  and  decompose  at  —  18**. 

There  is  evidently  chemical  union  between  the  hydrogen  chlorid 
aud  the  water,  but  just  wliat  the  compound  is  has  not  been  ascer- 
tained. The  simplest  hvpothesis  is  that  they  combine  molecule  to 
molecule,  chlorin  taking  the  valence  three  and  the  formula  having 

the  structure  ^>C1— 0— H. 

The  aqueous  solution,  which  is  called  hydrochloric  acid  and  also 
muriatic  acid,  possesses  all  the  properties  of  the  gas  and  is  even 
more  active.  It  is  a  colorless  liquid  whose  specific  gravity  depends 
upon  tlie  amount  of  gas  in  the  solution.  The  strong  acid  of  com- 
morcG  has  usually  a  specific  gravity  1.16  and  contains  32  per  cent 
IICI,  while  the  dilute  acid  has  specific  gravity  1.09  and  contains 
18.4  per  cent  IICI.  The  color  of  the  commercial  acid  isdaeto 
iui})urities,  chicfiy  ehlorin,  iron  chlorid,  and  organic  matters. 

lUustrations. — Pour  a  few  drops  of  strong  sulfuric  acid  on  a  little  com- 
mon salt  in  a  tube.  Bring  to  tlie  mouth  of  the  tube  a  rod  which  baa  been 
dip]H>d  in  aniniouia:  dense  while  fumes  of  ammonium  cblorid  arise. 

liydro^i'M  (ftilorid  may  be  liquefied  as  follows:  Into  the  closed  end  of  i 
stroll*^'  tiilM-  iK-nt  three  tiuics  zigzag  at  right  angles  place  a  few  grams  of 
aminoiiiuMi  cliloricl,  then  intnxhiec  into  the  middle  bend  by  means  of  a  bent 
funiu'l-tiibc  twice;  as  nuicli  sulfuric  acid.  Draw  out  the  tube  with  the 
blowpipe  and  olosi*  it  so  as  to  leave  a  thick  wall.  Let  the  tube  cool,  then 
incline  it  so  as  to  brini;  togrilier  the  acid  and  the  chlorid.  The  HCl  gener- 
aU'd  coiKlcnsi's  to  licpiid  under  its  own  pressure.  Under  a  gentle  heat  the 
li(piiii  (li>iils  over  into  ttie  empty  limb  of  the  tube,  which  should  be im- 
UHi'seil  in  a  free/in*;  mixture.  Tiie  experiment  should  be  made  with  care, 
as  ilie  tulx'  is  lial>le  to  bui-st  under  the  j^reat  pressure  within  it. 

The  M'lubility  of  tlie  <;:is  may  be  shown  by  filling  by  displacement  a 
bottU^  wiiti  I  ill*  ;;;ts  (dried  by  pas.Nin<;  it  through  a  tube  containing  calcium 
chlorid)  ;nid  iiiveriinL:  it  over  water.  The  water  rushes  into  the  bottle  as 
tlui  ^-A^  di.-s«)lvts.     Test  the  solution  with  litmus  paper. 

Chemical  Properties. — Hydrogen  chlorid  when   dry  does  not 

s«.'eni  l'»  be  \rv\  aetive,  but  in  the  presence  of  moisture  it  is  one  of 
till'  must  eii.M-uvtir  of  cbeniieal  airents.  It  does  not  bum  in  the  air 
anil  does  not.  su])port  (M.nibustion.  It  is  very  stable,  but  is  decom- 
po.-ed  by  a  stron.L'  ele(nri(^  current  and  by  heat  at  1500°. 

The  a(|U(<»r.s  s<»lution  is  intensely  acid,  reddens  litmus,  and  has  a 
burnin^^  sciir  taste.     Its  activity  is  mainly  due  to  dissociation  and 
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ie  presence  of  tlie  liydrogen  and  chlorin  ions.  The  hydrogen  may 
rephiced  by  nDnriy  all  the  positive  elemeotg  and  mdicals.     It  acta 

)t  only  with  the  metak  but  witli  the  bases,  the  basic  oiid%  and 
ammonia  to  form  the  binary  Baits  called  ckIorid»,  It  does  not 
midtly  art  nfxjn  the  noTi-metals.     The  following  equations  ibow 

Dine  of  itfl  characteristic  reactiona ; 


1.  Witb  metals : 

2.  Wflh  beaes  r 

d.  With  basic  Dxids  ; 
4,  With  ammonia  : 


HCl  +  Na=NaCl+a 
HCI  +  KHO  ^  KCl  +  HiO. 
SHCl  +  ZnO  =  ZnCl,  +  HtO. 


"Nearly  all  the  clilorids  are  soluble  in  water  or  weak  acids.     The 
|o table  exceptions  are  the  chlorida  of  silver,  lead>  and  niercniy. 

Hydrogen  and  chlorin  are  both  monads  and  hence  they  unite 
|tom  to  atom  and  volume  to  volume.     The  heat  of  tbe  union  la 
i,000  calories.     The  thermal  and  volnme  equation  is 

H      +    01      :i^  IIC1  + 33,000  cah 
1  voL  +  1  Yoh  =  2  vols. 
Hydrogen  chlorid  in  water  sohitL^n  forms  the  ions  H*  and  CI'* 
IP  dbisociation  m  great-er  than  tliat  of  any  other  compound  except 
ilric  acid  and  the  alkali  hydmxids,  to  which  it  is  ahmit  eqiiai. 
It  b  therefore  tho  gitroii^est  of  all  acids  except  nitric  acid*    The 
prcentage  of  ilL^ociation  of  the  normal  acid  is  81,  of  the  deci- 
imial  M,  of  the  cciitinomial  99,  and  of  the  millinormal  100, 

mtwtr&tlons.^The  inaotiyity  of  dry  HCI  may  be  shown  by  suspending 
Litmus  papor  in  ibe  dry  gasL    The  color  is  not  cbanged. 
1 18  ftctiQu  with  ammonia  is  set-u  wljen  a  f«w  drops  of  ammonia  are 
]dad  to  a  jur  concmning  a  few  drop&  of  bydrocbloric  acid. 
To  show  its  action  wuh  metjils  drop  into  a  small  quantity  of  the  acid  in 
m  tnbcj  fnigmeuts  of  sodium,  £tnc,  iron,  copper,  ete. 

To  sbow  its  ncuirali/.iiig  aciioii  witli  bases  place  iu  a  disb  with  a  piece 
'  htitiuj*  pir|>er  a  eoUic  eon  ti  meter  of  [xjtassium  hydroxid  eolation  and  lidd 

add  carefully  uutil  the  blue  color  just  ehanges  to  a  faint  red.    The^" 
lutiott  is  then  Deutral*  that  ia  couiaius  ouly  n  salt  aud  water,  neither  acid 
bt  baae*    Bed  spota  made  on  the  clothes  by  the  acid  mny  be  removed  wilh 
nmoDia. 

Tlic  c(>Di(KJfiitioo  of  HCI  may  be  demonstrated  by  the  following  two  ex- 

^rimenta  :  Pft»8  the  ga*  slow Jy  over  n  pit*ee  of  sod i rim  heated  in  a  glass 

(I)  The  MMlium  unites  (o  tho  chlorin  retaining  it,  and  tbi.^  hydrogeo 

\  on  and  may  be  collected  and  tesied.     <2)  Let  the  gaa  be  passed  oTer 

dioxid  heated  in  a  tube.     The  bydi-ogeu  is  retained  aud  the 

ton; 

MaO,  +  inCl  =  MiiCli  +  tHtO  +  Ch 
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The  volnmc  comi>osition  can  be  proven  by  electrolysis.  Fill  a  decom- 
posing apparatus  with  the  strongest  hydrochloric  acid  and  pass  a  curreDt 
from  four  Biinsen  cells.  The  chlorin  collects  in  the  tube  containing  the 
positive  electrode  and  the  hydrogen  in  the  other.  I^t  the  gases  escape 
until  the  li<iuid  is  saturated  with  chlorin,  then  close  the  cocks  and  it  will  be 
seen  that  t^ual  volumes  collect  in  the  two  tubes. 

Physiological  Properties. — Hydrogen  chlorid  is  a  stifling  acid 
gas  which  lias  a  corrosive  and  irritating  action  upon  the  respiratoiy 
organs.  The  strong  acid  bums  the  skin  and  disorganizes  tissues, 
but  if  largely  diluted  it  may  be  taken  into  the  stomach  without 
injury. 

Uses. — Hydrochloric  acid  has  numerous  uses  in  the  arts  and  the 
laboratory.  It  is  used  in  the  manufacture  of  chlorin,  chloride, 
hydrogen,  and  bleach ing-powder.  Being  a  by-product  of  the  soda 
manufacture,  it  is  cheap  and  the  quantity  consumed  is  larger  than 
that  of  aiiy*other  acid  except  sulfuric  acid. 

Tests. — Hydrogen  chlorid  may  be  recognized  by  its  odor,  its 
acid  iiction,  its  forming  chlorids,  and  the  dense  fumes  it  makes  with 
ammonia.  The  characteristic  reagent  for  all  soluble  chlorids  is 
silver  nitrate,  with  which  they  form  insoluble  silver  chlorid. 

Chlorid  Ion. — The  chlorid  ion  CI'  is  univalent,  colorless^  and 
#loctrnno'rative.  It  is  quite  active  with  other  ions,  but  not  with 
mnlcciilar  romponiuls.  It  is  ])hysiologically  w^holcsome  and  not 
iH»i-i(ni()Us.  Its  lioat  of  formation  from  molecular  chlorin  is 
10.:>(M)  calorics.  The  coinnioii  properties  of  the  soluble  chlorids 
arr  «luc  h)  this  ion. 

HYDIiOCiEX    IJROMID — IIYDROBROMIO  ACID. 

Formula  WWv.    Mukeular  weight  81.    Density  40.5.    Specific  gravity 

2.81.     Liicr  \vi-i;^hs  iJ.Oo  gramt*. 

Preparation. — Hydrogen  bromid  does  not  occur  free  in  nature. 
It  is  not  >o  sral)L'  as  liydrogoii  chlorid  and  therefore  not  so  easily 
obtained.     It  iiiiiy  l)e  prepared  in  the  following  ways: 

1.  By  direct  synthesis,  II  and  Br  uniting  atom  to  atom  and  volume  to 

volume  with  the  developincut  of  8440  units  of  heat : 

H     4-    Br    =    HBi+8440caL (1) 

1  vul.  +  1  vol.  =  2  vols. 

This  action  takes  place  only  at  a  high  temperature,  or  in  the  presence  of 
platiuinjj  .>i>^jnge,  or  under  the  iullucnce  of  the  electric  spark. 


Cte.  xxni    UALom  acids  and  orimn  coMFOUNm, 


243 


t.  By  IbeactloD  of  brotnin  upon  hydrogen  sulfld  whentbk  gas  is  pmaed 

tkroaghbromin  M'ftUTi    Br*  4- HaS  =  ^HBr  +  S (i) 

B,  By  ilie  action  of  pbosphonis  tribromid  upon  water  : 

PBr.  +  3H«0  ^  H,PO,  +  aHBr (8) 

4,  By  tUe  action  of  broiiiiti  upon  water  io  tb©  presence  of  pbospboma  : 

P  +  5Br  +  4a»0  =  SHBr  +  B,PO (4) 

In  this  action  the  broniitis  of  pliospbonid  are  probably  first  foraied  and 
then  decomposed  by  Hie  water  aa  follows  : 

PBr,  +  SHiO  =  n,FOi  +  3HBr 
PBr,  +  4HtO  =  H.PO*  +  5HBr 

0,  By  tb0  action  of  phosphoric  acid  npan  bromids: 

aSBr  +  H»PO*  =  KiPO*  +  3EBr (5) 

6,  By  the  action  of  stilfuric  acid  upon  bromids : 

HaSO*  +  2KBr  =  K,80«  4-  2HBr (6) 

aoiion  is  not  simple  as  in  the  case  of  the  ehlorfitf^*  but  bromin  Is  also 

free^  tbe  liydro^n  bromid  being  decomposed  by  oxygen  coming  from 

ttie  fliilfuric  aeid :  H^SO*  +  SEBr  =  SO»  +  2R,0  +  Br*.    Tills  deooraposi- 

tion  fHAf  Ise  prerentpd  by  having  present  some  moTe  |K>werfiil  reducing 

Ag^nt,  Hiich  fc>  phosphorus  or  hjdrogen  sulfid. 

7.  By  the*  nclioi!  of  bromin  npon  turpentine,  melted  parnflSn,  and  other 
bydrocsrbona.     With  tuq>entine  the  action  is 

OiiHit  +  Br,  =  CiiH.Br  +  HBr (7) 

In  tJie  laboratory  liydrogen  bromid  is  coDveniently  prepared  iig 
Hows:  Placo  in  a  flask  furoisbed  with  a  eeparatory  fiinucl-tulje 
And  a  delivery-tube  oue  part  of  amorphous  phospborus  and  two  parts 
of  water.  Introduce  bromin  drop  by  drop  from  the  funnel-tube 
nni  gently  warm  tbe  flait.  The  gas  may  be  pas^d  through  a 
U  tube  containing  amorphous  phosphorus  to  retain  the  bromin 
trajior  wbii'h  goe^  over*  It  is  collected  over  mercury,  or  in  dry  Jars, 
or  conducted  into  watar  to  make  tbe  solution, 

A  Tery  simple  method  of  showing  the  lormation  of  HBr  by 
direct  synthesis  ii  to  pass  hydrogen  gm  through  bromin  and  ignite 
the  *'st"iipin(r  vapors.     Dense  fumes  of  hydrogen  bromid  aie  formed* 

Physical  Properties, — Hydrogen  bromid  is  a  colorless,  fuming 
gin  with  a  pnngenli  irritating  odor  and  acid  taste.  Under  pres* 
»tir^  it  condensca  to  a  colorless  liquid  which  boils  at  —  73.3*  and 
freeasw  at  —  87**. 

It  ie  freely  sobible  In  water,  forming  hydrobromfc  acid.     The 

KDfion  satnrateii  at  0*^  contains  83  per  cent  of  HBr  and  has  a 
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specific  gravity  1.78.     At  15®  it  contains  4?^.ft  per  cent  of  HBrand 
has  a  specific  firravity  1.515.     Upon  being  heated  it  loses  the  pu 


Fia.  68. 

luitil  n  tomperatnre  of  125°  is  reached,  when  a  liquid  distils  over 
liavinir  a  specific  gravity  1.47  and  containinsr  47.8  per  cent 
of  ITBr. 

If  tho  gas  be  passed  through  the  solntion  cooled  to  —  20®,  crjm- 
tals  sopnnite  whioh  havp  the  formnla  HBr,2H,0  and  melt  at  11®. 

Chemical  Properties. — Chem ically,  hydrogen  bromid  very  closely 
resembles  hydrogen  chlorid.  It  is  less  stable,  decomposing  at 
800°,  iiiul  the  brum  in  is  e^tsily  replaced  by  chlorin.  In  the  aque- 
ous soluiion  broniin  is  graduiilly  set  free  by  the  dissolved  oxygen: 
21 1  Br  +  O  =  2Hr  +  11,^0.  It  acts  upon  metals  and  metallic 
oxids  and  hydroxids  to  form  hromida.  The  bromids  are  all  solu- 
ble, except  those  of  silver,  lead,  and  mercury. 

Tests  and  Uses. — Hydrogen  bromid  is  recognized  by  its  general 
properties  and  by  its  forming  silver  bromid  with  silver  nitrate.  It 
is  of  little  commercial  importance,  being  used  to  a  limited  extent  in 
laboratories  and  in  medicine. 

Bromid  Ion. — Ilydrobromic  acid  is  almost  as  highly  disso- 
ciated  as  hydrorhloric  acid,  and  hence  but  little  inferior  to  it  in 
stniiiith.  Ihe  bromid  ion  Br'  is  univalent,  colorless,  medicinal, 
noii-j.xiisonous,  and  strongly  ncgatiyc.  It  gives  the  common 
])r()])('rties  to  the  bromids  and  closely  resembles  the  chlorid  ion 
])y  \vliich  it  is  replaced,  thus: 

Na-,Br' -fa  =  Na',Cr-f  Br. 


*.  XXIL]     UALOID  ACIDS  A^B  OTUEli  COMPOUNDS.  245 

BTDROaBH   lODIB.      HYDRrdDiC  ACID. 

Formala  HI.  Moieeultir  weight  128*  Density  U.  Specific  gravity 
4  *  4 .     LI  Uir  we  ig  h  8  0. 7  grams, 

Preparatiott, — Hydrogen  iodid  is  obtained  by  mictions  exactly 
itmihir  to  those  used  in  the  propumtion  of  bydrogeij  bromid.  It  is 
formed  ia  the  following  ways: 

1-  By  pausing  hydrogen  and  iodin  vapor  together  through  a  f&d-hot 
Qbe  oontaiiiiug  pUtitiUTn  sponge,     Tht?  reactioa  k  endothermic  : 

H  +  I  -=  HI  -  %%m  cal      .......    (ij 

2,  By  the  action  of  phosphoric  acid  upon  iodida  : 

HiPO* +8KI^  EiPO*  +  SHI (2) 

I  with  bpomids,  lulfiinn  acid  cannot  be  used  since  I  is  set  fre#» 
8*  By  the  action  of  phfjsphonis  tri-iodid  u[>on  water: 

Fl,4- 3H*0  =  H,PO, +3HI (3> 

4.  By  pnisitig  hydrogen   snlfid    thronfrh   water  containing  suspend ul 
lin: 

H,8  +  L=^mi  +  8 (4f 

H,  By  the  setfon  of  iodin  npon  water  in  the  preaenoe  of  phoapboms  i 

p  +  51  +  4H,0  =  H.PO,  +  5HT (5) 

HydroireT!  fodid  i«  most  conveniently  prepared  by  the  last  reac- 
tion. Plane  in  n  flask  one  part  of  phospliorna  and  15  parts  of  water 
anfl  add  by  littles  20  parts  of  iodin,  cooling  the  flask  if  Tiecessary* 
fhe  flask  is  then  warmed  and  tlie  gES  collected  as  in  the  case  of 
ydrogcn  bromid. 
Physical  Properties.— Hydrogen  iodid  is  a  colorless,  fuming 
gaa  with  a  pungent  odor,  and  is  nearly  four  amd  a  half  times  as 
lietiTy  Its  air.  It  H  que  ties  under  a  pressure  of  four  atmospjieres  at 
P,  melts  at  —  34^  aod  freezes  at  —  55 \  It  m  quite  soluble  in 
Iter,  forming  the  solution  called  h^dr iodic  aad.  The  solution 
lorated  at  0"  is  nearly  twice  as  heavy  as  water,  haying  a  speoilic 
grufity  L9U  and  containiDg  90  per  cent  HI,  On  being  heated,  the 
add  wesikens  until  at  127^  the  distillate  has  a  epecitic  gravity  1.67 
Msd  r^>n tains  57.  t  per  cent  of  UL 

Chemical  Propertieft- — Hydrogen  iodid  is  quite  unstable^  be- 
ginntng  to  decompose  even  at  180^  The  iodin  is  replaced  by 
iUl  the  other  halogens;  HI  +  CI  ^  UCl  +  L  The  solution 
gradually  oxidizes  and  is  colored  brown  by  the  liberated  iodin: 
8111  +  0  =  H,0  +  I,.     It  cannot  be  collected  over  mercury  be- 
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ciuirie  of  the  action,  2III  +  2llg  =  HgJ,  +  II,.  It  forma  iWiVfe 
with  many  metals^  oxids,  and  hydroxids.  It  is  a  powerful  ledacing 
agent,  and  as  such  finds  many  uses  in  laboratories. 

While  iodin  is  replaced  ])y  fluorin,  chlorin,  and  broniin,  the 
reverse  action  may  take  i)lace  in  accordance  vith  the  law  of 
mass  action  because  of  the  lower  volatility  of  the  iodin  com- 
pounds, as  when  sodium  chlorid  is  evaporated  with  hydrogen  iodid, 
Nu-.CT-flll  =NV.r+iiri. 

Hydriodic  acid  is  ionized  to  nearly  the  same  extent  as  hydro- 
chloric acid  and  has  tluTcfore  about  the  same  strength. 

lodid  Ion.— The  indid  ion  V  is  univalent,  colorless,'  and  nega- 
tive. It  gives  the  general  characteristics  to  the  soluble  iodids. 
Iodin  is. quite*  sohible  in  solutions  of  i(Klids,  coloruig  them  brown. 
This  is  exj)laine(l  on  the  hvj)othesis  that  the  molecular  iodin  com- 
bines with  the  iodid  ion  to  form  the  brown  complex  ion  I/. 

COMPOUXnS  OF   THE   IIALOGEXS  WITH   ONE  AKOTHBIL 

Since  the  halogens  are  all  strongly  negative  and  chemically  yerj 
much  alike,  they  do  not  readily  combine  with  one  another.  The  few 
compounds  that  are  formed  are  all  unstable  and  chemically  veiy 
active. 

Bromin  ChlnrUl,  BrCl,  is  a  volatile,  orange-colored  liquid  obtained  by 
direct  union  of  the  two  elements.  It  dissolves  in  water  and  on  cooling 
forms  a  crystalline  hytlrato  which  melts  at  7". 

Iodin  l\ntafltinn'tl,  IF»,  is  a  colorless  fuming  liquid  formed  l^  the 
action  of  iinlin  upon  silver  fluorid. 

Joth'n  Chlnrid,  ICl,  is  a  reddish-brown  liquid  formed  by  the  direct  union 
of  iodin  with  well  dried  chlorin.  Tt  solidifies  in  the  form  of  large  red 
transparent  prisms  which  molt  '•t  25°.  It  boils  at  101%  deliquesces  in  the 
air,  and  is  decomposed  by  water. 

LmUh  Trirhlorid,  ICU,  is  a  yellow  crystalline  solid  formed  by  the  action 
of  an  excess  of  dry  chlorin  upon  iodin,  or  iodin  chlorid,  or  hydriodic  acid. 
It  forms  brilliant  needle-shaped  crystals  which  sublime  readily  and  melt 
at  25*.  WIk'u  heated  it  dissociates  into  chlorin  and  iodin  chlorid,  but 
reconibines  on  coolini:^. 

Lxlhi  Jh'omid,  I  Br,  is  a  crystalline  solid  formed  by  the  union  of  the 
elements.    It  melts  at  alx)ut  30°. 

Iodin  Tribromidj  IBrs,  is  a  dark-colored  liquid. 


CHAPTER  XXIII. 

OXIDS  AND  ACIDS  OF  THE  HALOGENS. 

GENERAL  CHARACTEBISTICS. 

Affinity  and  Stability.— While  the  halogens  have  a  strong  alfiln- 
ity  for  hydrogen,  their  attraction  for  oxygen  and  hydroxyl  is  small, 
and  all  the  oxids  and  acids  are  unstable.  The  stability  of  the  com- 
pounds containing  oxygen  increases  with  the  atomic  weight,  the 
iodin  compounds  being  most  stable  and  most  numerous,  while 
flnorin  forms  neither  oxid  nor  acid.  In  the  higher  oxygen  com- 
pounds chlorin  and  bromin  are  displaced  by  iodin,  while  in  the 
haloid  acids  the  reverse  action  takes  place.  Furthermore,  the  sta- 
bility increases  as  the  amount  of  oxygen  increases.  The  lower  acids, 
HCIO,  HBrO,  and  HCIO, ,  and  their  salts  are  unstable,  weakly  acid, 
and  are  decomposed  by  CO,,  while  the  more  highly  oxygenated 
acids,  HCIO,,  HBrO,,  and  HIO,,  are  quite  stable,  but  when  decom- 
posed develop  great  energy.  The  acids  are  more  stable  than  the 
oxids,  but  are  all  more  or  less  ionized. 

Thennal  Characters.— The  instability  and  chemical  behavior  of 
these  compounds  are  illustrated  by  their  thermal  characters.  The 
oxids  of  chlorin  and  bromin  are  all  endothermic,  while  iodin  pent- 
oxid  is  exothermic.     Some  of  the  thermal  equations  are  as  follows : 

(C1„0— gas)=-17,800  cal.  (Cl„Oj.— solution)  =—20,400  cal. 
(Br„  O5— solution)  =  —43,500  cal.         (I,,  Oj— solid)  =  +44,800  cal. 

These  equations  explain  the  stability  of  the  iodin  compound  and 
also  why  the  anhydrous  pentoxids  of  chlorin  and  bromin  cannot  be 
formed.  The  heat  of  formation  of  the  principal  acids  in  dilute 
aqueous  solution  and  their  potassium  salts  is  as  follows: 
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(II, (1,0,, Aq.)  =  23,900  cal.      (K,U,0,)  =    95,900  cal. 
(Il,Br,0,,Aq.)  =  12,400  cal.      (K,Br,0,)  =     87,600  caL 
(II, I,03.A4.)     =  55,700  cal.      (K,I,OJ     =  128,400  cal. 
Those  er[iiutions  show  why  chlorin  and  broniin  are  displaced  frn 
their  ileitis  l»y  iodin  and  why  bromin  does  not  displace  chlorin  i 
chloric  acid. 

Valence  and  Structure.— The  halogens  when  they  act  as  n^ 
lives  in  binaries  are  monads.  When  combined  with  oxygen  u 
hydroxyl  they  have  valences  varying  from  one  to  seyen.  Chlori 
will  then  theoretically  have  four  regular  oxids  as  follows: 

Naiiii'.  MoltHnilar  Formula.  Structural  Fonnula. 

lly|K)clilorou8  oiid  C1«'0  CI — O— CI 

Chlorous  oxid  C1,"'0.  0=C1— O— C1=0 

o        o 

II        II 

Clilorie  oxid  CU^Ot  0=C1— O— C1=0 

o        o 

II        II 

IVrehluric  oxid  CU^^t  0=C1— O— C1=0 

II  11 

o        o 

All  these  oxids  have  been  prepared  or  are  repi-esentedintheM 
res{)on(li]i^^  acids  and  the  Siilts  derived  from  them.  Exactly  Bimiii 
roiupounds  of  bromin  and  iodin  maybe  supposed  to  exist, althon{ 
but  one.  I..0..,  has  really  been  formed. 

The  aiids  of  chlorin  may  be  taken  to  illustrate  the  acids  of  tl 

^TOUJ). 

Name.  Molecular  Formula.      Structural  Formula. 

1  \  v]  )Ochlor()iis  acid  WVXO  H  — O— CU 

ciiinmiis  a<*ia  iicro.  H— O— C1=.0 

Clilnric  acid  IKTO,  H— O—Cl/ 

O 

II 
Prrddori*'  acid  HCr"04  H— O— C1=0 

II 
O 

Tliese  :i«ids  are  formed  from  the  oxids  by  union  with  wai 
one  molecule  of  tin*  oxid  and  one  of  water  making  two  of  theac 
(1,03  +  1^0  =2IIC10, 

0=r(l  ^  .11  _H— 0— C1=0 

()  =  (:l>*'  +  ^<il  -  H— 0— C1=0 
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Ortbo  and  Meta  Acids. — The  tendency  ^f  acids  is*  as  we  have 

s«*<^ti,  to  contain  tbe  6m  all  est  possible  amount  of  hydrogen.  The 
above  acids  of  cblorin  are  all  monobasic.  The  first  is  ortho,  the 
^euood  monomiiia,  the  third  diniota,  and  the  fourtli  trimeta. 
They  dissolve  in  water  in  all  proi>ortione  and  no  doubt  form  the 
hydnited  acids,  but  these  cannot  generally  be  isoliiti^d  as  such.  Of 
the  theoretical  perchloric  acids  given  below  the  last  three  have 
been  prejiared.  They  are  obtained  by  sobtracting  Buccessive  mole- 
cules of  water  from  the  hypothetical  orthoperchloric  acid  in  which 
I  all  the  jseven  points  of  the  chlorin  atom  are  united  to  hydroxyl: 

)— H 
.0— H 


Orthoperchloric  acid 


Monometaperchloric  acid 


letaperehloric  acid 


H,C1^0, 


H,C1^ 


"0. 


H,cr"0, 


H-0\     /^ 
"— "  No— H 


n— 0^ 


0 


n— 0\ 
ii_o^ci=o 

1I_0/  II 


Tiimetaperchloric  acid         HCi^O^    U  — 0— CI  =  0 


r  Salts,— The  aalta  of  the  halogen  acids  are  usually  colorleee 
EcrystalUne  solids  which  are  qaite  nnstabte.  They  are  strong  oxl- 
[dizers  and  make  detonating  mixtures  with  combustibles.  Only  two 
fare  of  any  com^mercial  importance,  pofcaasiiun  chlorate  and  calcium 

hyiKJctilorite  (clilorid  of  lime).     The  periodatea  are  of  considerable 

theoretical  interest. 


OXIBS  AND  ACIDB  OP  OHLOHIIT. 

Oxygen  and  chlorin  do  not  nnite  directly,  but  by  indirect 
t  methods  three  oxids  and  three  acids  can  be  formed^  all  nnstable 
[vaA  strong  oxidizing  and  bleaching  agents; 

flypocWoroua  oxid.  »,,,..  CliO        Ey  poehloroua  acid HOO 

Chlorin  t^troxid,  . ,  . _  Cl,0,      Chloric  acid, HLIO, 

Pdttjhloric  oxid .  O/),       Perchloric  acid,  ,,.*.,.,  HClOg 
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HYPOCHLOROrS  OXID  (CHLOSIN  MOKOXID). 
Formula  CIiO.  Molecular  weight  87.  Density  48.5. 
Preparatioii. — Ilypocliloroiis  ozid  was  discovered  by  Ballard  in 
1834.  It  is  prepared  by  conducting  dry  chlorin  over  dry  piecipi- 
tatcd  mercuric  oxid  kept  well  cooled.  It  is  condensed  to  a  liquid 
by  passing  through  a  bent  tube  immersed  in  a  freezing  miztnre. 
Mercuric  oxyclilorid  is  formed  in  the  reaction,  which  is  as  follows: 

2IIgO  +  2C1,  =  HgO,HgCl,  +  C1,0. 

Physical  Properties.— Ilypochlorous  ozid  is  a  reddish-yellow 
gas  with  a  penetrating  odor  resembling  that  of  chlorin.  It  is 
poisonous  and  irritating  to  tlie  respiratory  organs.  It  is  three 
timt'S  as  heavy  as  the  air,  its  density  being  43.5  as  required  by  the 
fonnula.  AVhen  strongly  cooled  it  condenses  to  an  orange-colored 
liquid  which  boils  at  —  19"^.  It  dissolves  freely  in  water,  100 
volumes  to  one  of  water,  to  form  hy])ochlorou8  acid. 

Chemical  Properties. — Ilypochlorous  ozid,  gas  or  liquid,  is  un- 
stable aiul  highly  explosive.  It  is  decomposed  by  heat,  flame, 
elootric  spark,  and  sunlight,  and  even  by  a  slight  jar,  as  in  pouring 
from  one  vessc-l  to  another.  Two  volumes  of  the  gas  yield  one 
volume  of  oxvgen  and  two  of  chlorin:    C1,0  =  CI,  +  O. 

Ji  uxiilizos  ami  Mcaclios  strongly.  Sulfur,  phosphorus,  the 
alkali  nu'ials,  and  or^ranic  substances  take  lire  in  it,  or  cause  it  to 
explodf.  It  oxidizj's  hydroclilorio  acid,  forming  water  and  setting 
chlorin  I'lvr:  >IK;l  +  llj)  =  t>Ci,  +  11^0.  With  calcium  chlorid 
and    alkaline    ]iy«ln)xids    it    forms   hypochlorites: 

CaCl.r  •"<'!/) =CaCLO,-^*'^'Jr     2KnO+Cl,0=2KC10+H,0. 

rnJOHTN'  TI-Tnoxil)  (('IILORIX  DIOXTD,  CHLORIN  PEBOXID). 

Forniuhi  (M.O,  or  ('10,.    Mol*»cular  weight  184.8  or  67.4.    Density  83.7. 

Preparation. — Clilorin  tetroxid  was  discovered  by  Davy  in  1814. 

It  is  ])rr]iaivd  h\  tln'  action  of  pulfuric.  hydrochloric,  or  oxalic  acid 

npon  ]>otas-ium  clilorato  according  to  the  following  reactions: 

1.  \\Kr\(),  4-  2H,S0«  =  KCIO,  +  2nKS0.  +  H,0  +  2C10, 

0.  4icn(),  +  121101  =  4Kri  +  fiiho  +  9C1  +  8Cio, 

8.  2KC10:.  4-  2H,C...O,  =  K,C,0«  +  2H,0  +  2C0,  +  2C10, 
By  the  .«efond  reaction  the  jrJis  is  obtained  mixed  with  three 
times  its  volume  of  chlorin.     This  mixture  was  formerly  supposed 
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to  be  a  compound  and  was  called  eucMorin.  It  is  a  powerful  oxi- 
dising and  Watching  iigent  and  a  Tigorous  diBinfectanL  Th©  ^aB 
prepiired  by  the  third  method  is  mixed  with  an  eqtial  volume  of 
carbon  <lioxid. 

The  gas  is  collected  by  displacement  of  air^  or  is  conducted  into 
WaU'f  to  form  4he  solution,  or  is  condtaised  to  a  liquid  by  passing 
through  a  beot  tube  immersed  in  a  freezing  mixture, 

XUnatraticma^^Adt!  a  grara  of  potaasiam  chlorate  to  a  few  cubic  cent> 
ineters  of  sulfuric  acid  iu  a  test*tijbe  held  by  a  support  and  gently  warm. 
The  gas  collects  in  the  tulje,  displacing  the  air.  If  tbe  action  becomes  !oo 
capidp  cool  the  tabft  by  briDging  under  it  a  beaker  of  water.  When  the 
tube  ia  full,  bring  a  Bame  to  its  mouth  and  the  gm  decomposes  with  a 
mian  esploslotu 

Place  crystal!!  of  potassium  chlorate  in  a  tube  or  flask,  add  hydrochloria 
add  and  warm  gently.    The  euchlorm  ia  collected  by  diaptacemeut. 

PhysicaL  Propertiea. — Cblorin  tetroxid  is  a  greenish-yellow  gas 
a  little  n^ore  than  twice  m  heavy  n&  the  air.  Its  odor  is  unpleasant 
and  irrittitiog  and  it  is  pobonoiis,  producing  headache  when  breathed 
even  in  very  small  f|uantities.  When  cooled  it  condenses  to  a  red- 
dish-brown liquid  which  boils  at  10',  an<l  freezes  at  —  ?0°  to  an 
orange-colored  crystalline  solid.  At  4^  water  dissolves  about  20 
Tolnnies  of  the  gas,  forming  a  yellow  solution,  and  at  lower  teizi< 
peratuf^s  a  crT^gtalline  hydrate  separates. 

Ctiemical  Properties. — Chlorin  tetroxid  is  very  unstable,  decom* 
pOBing  with  violence  under  the  influence  of  heat,  the  electric  spark, 
or  contact  with  organic  matter-  It  can  be  kept  in  the  dark,  but  in 
th<^  light  slowly  separates  into  oxygen  and  chlorin.  It  is  a  strong 
Diidizer,  many  combustibles,  sis  hydragen  sulfid,  phosphonis,  ether, 
and  sugar,  taking  fire  in  it  spontaneously*  Its  solution  is  decolor- 
iied  hv  alkali  h?droxids  with  the  formation  of  both  the  chlorite  and 
cblonite  of  the  alkali:  ^KOH  +  2C10,  =  KCIO,  +  KCIO,  +  H.O. 

Tlie  gas  denBity  of  chlorin  tetroTtid  at  12°  is  33.7,  which  indi- 
catofl  the  formula  CIO,,  an  unsaturated  radical.  The  probability  is, 
however,  that  this  is  the  result  of  dissociation  and  that  at  lower 
te«iiperatnrefi  the  formubi  is  CljO^.  Two  structures  have  been  given 
to  thin  formula.  As  a  anion  of  two  radicals,  CIO, ,  it  may  be  written 
0=Oi--Cl=0-  Its  behavior  with  the  alkali  hydrciids  mentioned 
I)       I! 

0    0 
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aboYO  favors  the  theory  tliat  it  is  a  chlorous  chloric  oxid,  one  atom  of 

clilorin  being  trivaloiit  while  the  other  is  peutavalcnt,  and  that  the 

formula  is  0=('l-0-(l=0. 
II 
0 

lUustratioiu.— The  oxidizing  action  of  chlorin  tetroxid  may  be  shown 
by  the  following  experiments  : 

Place  a  mixture  of  pulverized  potassium  chlorate  and  granulated  sugar 
on  a  brick  or  board  and  add  to  it  a  drop  of  sulfuric  acid.  The  tetroxid  set 
free  ignites  the  sugar,  which  burns  with  vigor  in  oxygen  taken  from  the 
chlorate. 

Add  some  crystals  of  i)otassium  chlorate  to  a  conical  glass  containing 
water  and  drop  in  a  small  ])iece  of  phosphorus,  then  convey  to  the  crystals 
by  means  of  a  piiM*t  a  few  drops  of  sulfuric  acid.  The  phosphorus  bums 
under  the  wat^r  in  the  tetroxid  set  free. 

Lower  a  jet  of  hydrogen  sulfid  in  a  jar  filled  with  euchlorin.  The  jet 
ignites  spontaneously  and  continues  to  burn  in  the  gas. 

PERCHLORIC    OXID    (ClILORIN   HEPTOXID). 

Formula  CUO7.     Molecular  weight  182.8. 

Preparation. — Perchloric  oxid  is  prepared  by  the  action  of 
pliosphoric  oxid  upon  i)ercliloric  aeid.  The  acid  is  dropped  upon 
the  pentoxid  in  a  retort  kept  cooled  to  —  10".  After  standing 
twenty-four  hours  the  mixture  is  distilled  on  a  water-bath  at  85\ 
TJic  reaction  is  prol)ai)iy  as  follows: 

•.'IU10,+  I>/),  =  2IIPO,+  C1,0,- 
Properties. — Perehloric  oxid  is  a  colorless,  ver)'  volatile,  oily 
li(|uid  wiii<:li  hoils  at  8*2  \  It  is  more  stable  than  the  other  oxids  of 
ehlorin,  but  explodes  with  pvat  violenee  when  heated  or  exposed  to 
a  slioek.  When  well  cooled  it  does  not  attack  paper,  sulfur,  nor 
pliosphorus.     It  is  dangerous  and  must  be  handled  with  great  care. 

UYPOCIILOROrS    ACID. 

Formula  ITCIO.     Molecular  weight  53.4. 

Preparation. — IIy]>ocljlorous  acid  is  always  obtained  in  aqneona 
solution  from  wliich  the  ]niro  acid  cannot  be  separated.  It  maybe 
prepar«'d  in  tlic  followinir  ways: 

1.  By  the  solution  of  hyiwchlorous  oxid  in  water: 
Cl.O  +  \UO  =  2HC10. 
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S»  Bjr  iK^tid acting  chlonn  into  sohitton  of  alktili  hydroxide: 

KOH  +  01,  =  KCl  +  HCIQ, 
Z.  By  allowing  otilortn  to  bubble  tbrougb  water  coutaiRing  mercuric 
oxid  or  cAlciuin  carboaaEe  in  guapensJoi) : 

CaCO.  +  H,0  +  ^QU  =  CaCU  +  C0»  +  2HC10. 
By  pasiiQg  carlwn  dioxid  through  a  mixture  of  water  and  bleaching* 

*jOa(OCl)Cl  +  COs  +  H,0  =  CiiCH  +  CaCO,  +  2UC10. 
Properties, — ^Tlio  strongest  solntions  of  hypochlorous  acid  have 
a  yellow  color  and  a  fltroiig  cbloroiis  gmelh  TJiey  are  quite  un- 
fitAblc,  dc^eotnifOs^ing  slowly  in  Llie  dark  utid  more  mpidly  in  the 
ht,  IHlulo  solutions  kei?p  better  and  may  be  distilled, 
Beeiiu^e  of  tho  readiness  with  whicli  Lypoehlorous  acid  breaks 
up  ioto  bydrog*-;n  chlorid  and  nascant  oxygen,  IICIO  =  KCl  +  0, 
ii  j^  a  powerful  bk^acliing  and  oxidising  agent  and  disiufectaut*  It 
deeotn puses  hydrogen  chlorid*  silver  oxid,  and  hydrogen  snlfid, 
giving  chlorin  in  the  first  case,  ojcygen  in  the  second,  and  sulfur  in 
the  third; 

UCIO  +  nci  =  H,0  +  CI,. 
Ag,0  +  SIICIO  =:  2AgCl  +  11,0  +  0,. 

ir^s  +  uuio  =  II. o  +  iici  +  s. 

Uses  ajid  Tests- — ^Ilypochlorons  acid  bused  for  bleaching  cot- 
ton atjd  linen  go*j<isf.  It  cannot  be  used  witH  silks  and  woolens  be- 
cause it  colors  tlicin  yellow.  It  is  distinguished  from  chlorin  aa 
follows:  When  shaken  with  mercury  it  precipitates  IlgO^IIgCl^, 
ETtd  bypocbloriteg  precipitate  HgO,  both  of  which  are  soluble  in 
hydrf>c^!>h>nr  jif^id;  chlorin  forms  insoluble  HgCI,. 

Hypochlorites. — Hy]>ochlorites  are  formed  by  the  action  of 
cbloriu  in  tlie  oold  upon  strong  bases^  such  as  potassinm  hydros  id 
ttod  Uitic,  by  rcficiions  as  follows: 

2K1I0  +  CI,  =  KCl  +  n,0  +  KCIO      .     .     .     (1) 
2Ca(H0),  +  4C1  =  OaCl,  +  2H,0  +  Ca{C10),  .     ,     (2) 

W1)«n  bypocbloritea  are  treated  with  acids,  hypoclrlorona  acid  is 

tonned : 

KCIO  +  HCl  =  KCl  +  TTOIO. 

unci  this  in  tnm  is  decomposed  by  the  acid  setting  free  chlorin: 
nC10  +  HCl  =  H,0  +  CI.. 
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Thus  the  hypoclilorites  like  the*aeid  are  bleaching  anil  oxidising 
agents.  Being  more  stable  aod  more  easily  handled,  they  are  Bsed 
in  preference'  to  the  acid.  There  are  two  principal  commercial 
forms;  Enu  tie  Javellm^  which  is  a  solution  of  t!ie  chlorid  and  hypo- 
chlorite of  potassium  formed  according  to  equation  1»  and  the  mix- 
ture  of  calcium  chlorid  and  calcium  hypochlorite»  commonly  called 
chlorid  of  lime  or  bkaehi  fig-powder,  prepared  according  to  equation  %, 

Eau  de  Javelles  Wiis  first  prepared  by  Berthollet  about  1 7S5.  He 
established  a  factory  at  Javelles  and  hence  the  name.  In  1798 
Tennant  found  that  lime  answered  the  same  puri>ose  as  potash,  and 
as  it  was  much  cheaper  chlorid  of  lime  soon  becam©  the  chief  com- 
mercial bleaching  article. 

Chlorites — Neither  Cldorons  Oxid,  Cl/"0,,  nor  ChhrousAcid, 
nCl'^Oj,  has  been  prepared,  Cldorin  trioxid  has  usually  been  de- 
scribed as  being  formed  when  nitric  acid  acts  upon  potassium  chlorate 
in  the  presence  of  a  reducing  agent  such  as  arsenic  trioxid,  sugar* 
or  tartaric  acid*  Kecent  researches  have  shown  that  the  gas  th 
produced  ia  a  mixture  of  chlorin  and  chlorin  tetroxid. 

Numerous  chlorites  are  known.  They  are  all  unstable  and 
oxidize  and  bleach  vigorously.  The  chlorites  of  the  alkalies  dk- 
aolve  easily,  while  those  of  the  heavy  metals  are  difficultly  soluble. 
The  chlorites  of  silver  and  lead  are  precipitated  from  solutions  of 
alkali  chlorites  by  silver  nitrate  and  lead  acetate: 

AgNO,  +  KCIO,  =  KNO,  +  AgClO^ 

CHLOEIO    ACID. 

Formula  HClOi.    Molecular  weight  84.4 

History  and  Preparation. —This,  the  most  important  of  the  acid 

of  chlorin,  was  discovered  by  Berthollet  in  178G.     It  has  never  been 

obtained  in  the  pure  state,  but  aqueous  solutions  are  prepared  m 

follows ; 

L  By  the  acriou  of  light  upon  moist  ox  ids  of  chlorin. 
2,  By  the  action  of  acids  upon  clilorates  : 

Ba(C10.)a  +  HsPO,    =  BaSO.  -»-  2HC10i. 
H^SiF.  +  2KaO,  =  K.S]F,  +  SHCIO,. 

It  is  best  prepared  by  mixing  a  solution  of  barium  chlnrate  with 
exactly  the  ef|nivalent  amount  of  dilute  sulfuric  acid.  The  barium 
sulfate  is  filtered  off  and  the  solution  concentrated  over  sulfuric  8 
in  vacuo. 
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Physical  Properties, — The  conceutrated  chloric  acl^  is  a  color- 
s,  syrupy  liquid  which  hue  a  specific  gravity  L28  aud  contains  40 
Br  cent  of  the  acid.  It  has  a  paQgent,  chlorous  smell  and  a  harsh 
Did  taste.  , 

Chemical  Properties* — Chloric  acid  is  ao  unstable  that  on  further 
^nceDtratiou  of  the  Btroag  solution,  or  on  being  he^ited.  It  decom- 

s,  evolving  chlorin  and  oxygen  and  forming  perchloric  acid  and 

3HC10,  -  CI,  +  0,  +  HCIO,  +  H,0- 
^bleaahee  gtrongly  and  h  such  an  active  oxidizer  that  it  seta  fire 
►  phosphorus,  sulfur,  alcohol,  paper,  and  organic  matters  generally, 
18  decomposed  by  hydrochloric  acid  into  chloriii  and  water: 

HCIO,  +  5HC1  ^  311,0  +  6CL 
Chloric  acid  is  monobasic  and  dimeta.     The  ortho  acid,  H^ClOj , 
ad  the  monometa  acid,  HjClO^ ,  have  not  been  separated  nor  are 
bcir  flidU  kuowTi. 

Chlorates. ^ — Chlorates  are  formed  by  the  action  of  chlorin  in 
tcaiS  upon  alkali  hydroxids  with  the  aid  of  heat: 

6C1  +  6KH0  =  5KC1  +  3H,0  +  KCIO,. 
by  the  electrolysis  of  sohitions  of  chlorids; 

Kri+3H,0  =  KC10,+3H3. 
The  chlorates  are  naually  white  cryatalline  salts  soluble  in  water 
ad  many  of  them  are  deliqueseent.  They  are  more  stable  than  the 
eid,  but  are  strong  oxidizers  and  with  combustibles  make  mixtures 
rhieh  are  exploded  by  coucusaion  or  heat*  They  yield  perchlorates 
fhen  decomposed  by  heat, 

murtrfttioaa.— ^To  show  the  instability  and  o^cidbinf;  action  of  chlomtei 
lix  a  ven"  Uttlfl  finely  jRiftderRd   potassium  chlomte  with  an  etjiial  qimn- 
"^iily  of  augar  or  eulfuf,  wrap  tightly  In  paper  and  strike  with  a  hammer, 

PERCHLORIC    ACT©, 

Fermnla  eClO^,     Molecular  weight  100,4. 

History  and  PreparatioQ. — Perchloric  acid  was  discovered  by 

4kitt  in  1815.     It  is  formed,  as  we  have  already  seen,  by  the 

ipofiition  of  chloric   acid   by  heat.      It  la  best  prepared  by 

ing  a  mixture  of  one  part  of  potaasinm  perchlorate  with  foor 

\  d  sulftiric  acid ; 

^KCIO,  +  II,SO,  =  K,RO,  +  2nC10,. 
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Tlic  distillation  bcgius  at  110%  and  the  first  liquid  that  oomes 
over  is  pure  dinieta  jHirchlorio  acid. 

Physical  Properties. — Perchloric  acid  is  a  colorless  or  slightly 
yellow  fuming  mobile  liquid  of  specific  gravity  1.78  at  15^  It 
boils  at  110^.  and  when  strongly  cooled  becomes  a  solid  which  melts 
at  Id"'.  When  drop|>cd  in  water  it  gives  a  hissing  sound  and  heat 
is  evolved.     It  dissolves  in  water  in  all  proiX)rtious. 

Chemical  Properties. — Perchloric  acid  when  freshly  prepared 
is  more  stal)le  than  the  other  acids  of  chlorin.  After  standing 
some  days  even  in  the  dark,  it  is  very  unstable  and  higlily  explosive. 
When  distilled  it  dceom])oses^  darkens  in  color,  and  finally  explodes. 
It  hleaohes  and  oxidizes  strongly  and  decomposes  with  violence  in 
I'ontact  with  oonibustibles.  It  burns  the  skin,  producing  painful 
soivs. 

Perohloric  acid'  is  monobasic  and  trimeta.  With  one  molecule 
of  water  it  forms  the  dimeta  acid  lI,C10j,  a  colorless  solid  which 
melts  at  5o^  and  forms  lon«^  needle-shaped  crystals.  When  this  is 
heated  it  t^eparates  into  the  trimeta  and  monometa  perchloric  acids 
*^1I,('1(),  =:  IK  l(\+  IKC'IO.,  the  first  of  which  distils  over,  and 
this  rt'a('ii(ui  may  be  conveniently  used  for  the  preparation 6f  pure 
]»(.'rehloric  acid.  The  dihydrated  or  monometa  jjerchloric  acid  is 
an  nily  licjiiid  wliirh  boils  at  '308°.  The  trihydrated  or  ortho  acid, 
IK'IO;;!!/)  "-  ll,rl(),,hiis  not  been  isolated.' 

lUustrations  To  sli(nv  the  j)roparation  and  properties  of  perchloric 
aciii,  distil  in  :i  >TnaIl  ivtort  n  mixture  of  dry  potassium  perchlorate  and 
nci'iiily  })..ilr(l  sulfuric  acid.  As  the  first  drops  of  liquid  fall  from  the 
iMM'k  (tf  \\\o  ret(»ri  note  tlie  funics;  let  tliem  fall  in  water  and  note  the 
hissiiii:  sound:  hmmmvo  tlieni  on  paper  or  freshly  ignited  charcoal  and  note 
the  exj)ln>i(.n.  (nllctt  the  distillate  in  a  receiver  until  the  crystalline 
hydrate  forms.     I'se  small  quantities  and  conduct  the  operation  with  care. 

Perchlorates.  —  All  the  porohlonites  are  salts  of  the  monobasic 
noid.  They  are  H)lul>le  in  water  and  a  few  of  them  are  deliqnesoent. 
Tlie  most  ini]v)rt:nit  one  is  ] potassium  perohlorato,  which  is  at  the 
SMTiie  time,  with  tlie  exeeptioti  of  the  rubidium  salt,  the  least  soluble, 
one  ])art  refjuiriiii;  Ty^  ]»art3  of  water.  The  perchlorates  are  un- 
stMblc,  oxidi/.e  vigorously,  and  with  combustibles  make  detonating 
mivtures. 
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The  perchlorates  are  distinguished  from  the  chlorates  as  follows: 

1.  They  decompose  at  higher  temperatures  than  the  chlorates. 

2.  They  are  not  acted  upon  by  hydrochloric  acid. 
8.  They  do  not  yield  CUOi  with  sulfuric  acid. 

OXIDS  AND   ACIDS  OF  BROMIN. 

No  oxids  of  bromin  have  been  prepared.  Two  of  the  acids  are 
certainly  known,  and  a  third,  perbromic,  is  said  to  have  been 
formed.     They  are  as  follows :  * 

Hypobromous  acid      IIBr'O  Bromic  acid      HBr^O, 

Perbromic  acid  HB^O^ 

Bromous  acid  and  its  salts  are  unknown. 


HYPOBROMOUS    ACID. 

Formula  HBrO.    Molecular  weight  97. 

Preparation.— Hypobromous  acid  is  formed  by  the  action  of 
bromin  upon  mercuric  oxid  in  the  presence  of  water: 

HgO  +  2Br,  +  H,0  =  HgBr,  +  2HBrO. 

The  precipitated  mercuric  oxid  is  shaken  with  bromin  water  and 
the  mixture  distilled  in  vacuo  at  a  temperature  below  30°. 

Properties. — Hypobromous  acid  is  a  pale  yellow  unstable  liquid. 
It  bleaches  and  oxidizes  and  has  other  properties  altogether  similar 
to  those  of  hypochlorous  acid.  The  hypohromites  are  similar  to  the 
hypochlorites.  When  bromin  acts  upon  lime  there  is  produced 
a  mixture  of  calcium  bromid,  CaBr,,  and  calcium  hypobromite, 
Ca(BrO), ,  called  hromid  of  lime,  which  is  similar  in  properties 
to  the  corresponding  chlorid  of  lime. 

BROMIC   ACID. 
Formula  HBrO«.    Molecular  weight  129. 

Preparation. — Aqueous  solutions  of  bromic  acid  are  prepared  as 
.  follows: 

1 .  E/  the  action  of  bromin  upon  silver  bromate  in  the  presence  of  water: 
SAjrBrO,  +  3Bra  +  3H,0  =  5A^'Br  +  GHBrO,. 
Th©  silver  bromid  settles  and  the  acid  solution  is  poured  off. 


:sitr 


IXOROAMC  CHEMISTRY.  [Ch.  XXni. 


2.  By  tlie  action  of  sulfuric  acid  upon  barium  bromate  in  molecular 
proi)ortioDS  :  UsSOi  +  Ba(BrO»)a  =  B2iS0«  +  2HBrO».   The  Bolutioa  is  lep- 

'arated  from  the  precipitate  by  decautation. 

3.  By  the  action  of  chlorin  upon  bromin  water : 

5C1«  +  Br,  +  6H,0  =  lOHCl  +  2HBrOi. 
This  gives  a  mixture  of  hydrochloric  and  bromio  acids. 

Properties. — Broniic  acid  in  solution  decompoBea  at  100°,  erolr- 
ing  bromin  and  oxygen,  but  in  vacuo  it  may  be  concentrated  until 
the  solution  contains  50.0  \)er  centof  HBrO,.  It  is  unstable,  bleaches 
and  oxidizes,  and  is  decomposed  by  combustibles  and  reducing  agents. 

Bromates. — Bromates  are  formed  by  the  action  of  bromin  upon 
alkali  hydroxida:  UKHO  +  3Br,  =  5KBr  +  3H,0  +  KBrO^  They 
are  mostly  crystalline  solids  difficultly  soluble  in  vater.  They 
are  decomposed  by  heat,  yielding  a  bromid  and  oxygen,  but  no 
perbromale. 

PERBROMIC   ACID. 

Formula  IIBrOi.    Molecular  weight  145. 

Preparation. — Perbromic  acid  is  said  to  be  formed  when  bromin 
v:ipor  acts  upon  perchloric  acid,  the  bromin  replacing  the  chlorin: 
Br  +  HCIO,  =  CI  +  HBrO,. 

The  reaction  has  not  been  well  investigated  and  there  is  some 
doubt  as  to  the  existence  of  either  the  acid  or  its  salts. 

OXIDS  AND   ACIDS  OP  lODIK. 

One  oxid  and  two  acids  of  iodin  are  known: 

Iodic  oxid  I^'  0..     Iodic  acid  IIPO,.     Periodic  acid  HI^O^. 

IODIC   OXID   (IODIN   PENTOXID). 
Formula  IsOt.     Molecular  weight  802. 

Preparation.— Iodic  oxid  is  prepared  by  heating  iodic  acid  to 

170°: 

2TII0,  =  H,0  +  IA. 

Properties.— Iodic  oxid  is  a  white  crystalline  solid  which  melts 
at  .'500''  ami  (lticoTn])osos  into  iodin  and  oxygen.  It  has  a  si)ecific 
gravity  4.4f^T  and  di.^^olves  in  water  with  vigor,  forming  iodic  acid. 
It  is  \ho  only  lialn;r«'n  oxid  whose  formation  is  exothermic,  and  it  it 
more  stable  than  anv  of  the  others. 
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I  IODIC  ACID, 

Fonnula  HIOi.    Molecular  weight  176, 

Praparation. — Iodic  acid  may  be  prepared  in  the  following  ways : 
^l.  By  adding  water  to  iodic  oiid  :  HtO  +  IaO»  =  2HI0j. 
^■^  By  the  action  of  sulfuric  acid  upon  baiium  iodate  m  moleeular  pro* 
^BloDa  ;  HiiSO«  +  Ba(IOr)i  ^  BaSO«  +  2HL0i.     The  acid  golutloii  ia  de- 
^■^d  from  the  precipitated  barium  sulfate  and  couceot rated  at  lOD^, 
^^,  Bjr  ibd  actiou  of  cblorin  upou  iodia  in  the  presence  of  water  t 

ml  +  1  +  3HtO  =  aHCl  +inOi. 

The  nci  is  remo?ed  with  precipitated  silver  oxid  and  the  siker  ehlorid 
Bep&rated  by  filtration. 

4*  B^'  the  action  of  iodin  upon  chloric  or  brotnic  acid,  showing  the  abiU 
Uj  of  iodin  to  displjice  cbloria  and  bromint  I  4-  HClOi  =  Ci  +  UIOi. 

a.  Most  conTenienil)'  by  heating  iodin  with  fniniug  nitric  acid  and  con- 
timilng  the  heat  until  the  water  and  oxids  of  nitrogen  are  expelled ; 

H  I  +  3HK0.  =  HiO  +  K,Oi  +  NO,  +  HIO.. 

^T*ri>pertles»^ — Iodic  acid  is  a  white  crystalline  solid  of  specific 
gravity  4.t>"39  at  0®,  It  m  insoluble  in  alcohoij  but  dissolves  in 
wati^r  in  all  proportions.  No  definite  hydrated  acids  have  been 
i<>d.  Tlae  concentrated  sol  nt ion  boils  at  104^,  and  is  a  less 
g  bleaching  and  oxidizing  agent  tlian  the  acids  of  cblorin 
itid  brotnitu  It  does  not  color  itarch  bine  esccept  in  the  presence 
of  a  reducing  agent,  such  as  anifnrous  oxid»  hydrogen  sulfid,  or 
tardn»gen  iodid.  It  is  decomposed  by  HI  thrr>ngh  the  reducing 
■on  of  thchydnvgen  inn  H  ,I0,'+5H  ^F^SHp  +3I3. 

miiatratien.— T*^  a  dilute  soTuHon  of  iodic  nctil  arid  a  little  starrh  pagte^ 
tli0n  &om*>  inlfnrona  acid.     In  a  few  moments  the  blue  color  appears. 

lodates. — lodates  are  formed  by  the  action  of  a  base  upon  iodic 
acid,  or  by  the  action  of  iodin  npon  alkali  hydroxids: 
3T,  +  6KH0  =  3H,0  +  5KI  +  KIO,, 

Tbey  are  generally  insoltible  in  water  except  the  alkali  iodatei, 
Oo  being  heated  tbey  decom]>ose,  yielding  oxygen  and  an  iodid,  or 
oxygen  and  todin  and  a  metal  or  metallic  oxid.  thns : 

kKIO,  =  EI  +  0,.     Ba{TO„),  ^  BaO  +  I,  +  0,. 
AgIO,  =  Ag  +  I  +  0,. 
While  iodic  acid  Is  monobaf^ic  and  can  only  gi^e  normal  salts, 
tbe  alkali  iodateK  form  molecnlar  compomids  with   iodic  acid, 
tlui  io-called  acid  iodaimt  thug :  normal  potassium  iodate. 
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KIO,;  acid    potussium    iodatoy   KIO^^HIO,;    di-acid   pota«am 
iodate,  K10,,5illlO,. 

PEUIODIG  ACID. 
Formula  H ^"O,  t»r  Uil^'O..  Molecular  weight  192  or  228. 
Preparation. — Periodic  acid  is  formed  by  the  action  of  iodii 
upon  perchloric  acid :  211C10,  +  I,  =  2HI0^  +  Cl^  On  evapont- 
iug  the  solution  the  dihydrated  or  monometa  acid,  HIO«,2H,0  = 
II^I(\,  crystallizes  out.  This  is  the  only  free  periodic  add 
known.  The  normal  or  trimeta  acid,  UIO^,  cannot  be  obtainrf 
from  it,  as  it  decomposes  on  further  evaporation.  The  acid  ritk 
one  of  its  silver  salts  is  formed  by  boiling  silver  periodate  liA 
water: 

4AgI0,  +  5n,0  =  Agj,0,  +  2H,I0^ 
Properties. — The  monometa  or  dihydrated  periodic .  idl  ii 
colorless,  crystalline,  and  deliquescent.  It  melta  at  133°  ul 
de(;oni poses  at  150  into  iodic  ozid,  water,  and  oxygen:  2HJ0, 
I/)^  +  ^1^/^  +  ^K'  ^^^  solution  is  acid  and  is  like  iodic  acid  a 
blcjiching  and  oxidizing  actions. 

Periodates. — Periodic  acid  forms  numerous  salts  which  ueM 
understood  by  supposing  them  to  be  derived  from  hypothew 
acids  as  follows: 

(>rtlic»jK'rio(li(»  acid,  lf,TO/,  Monometaperiodic  acid,  HJO,; 
I)inut:ip(Tio(li(^  acid,  lls^^^s?  Trimetaperiodic  acid,  IIIO^. 
Ea<']i  of  tlicso  is  ol»tained  from  the  preceding  one  by  subtractinj. 
or  from  tlie  followiiig  one  by  adding,  a  molecule  of  water.  Othen 
called  (liporiodic  acids  are  obtained  by  taking  a  molecule  cf  i«^ 
from  two  molecules  of  the  acid: 

'.' IT  ,T0„  -  TT  O  =  IT J,0„.     2IT.I0.  -  H.O  =  'B.,\% 
Examples  of  sails  of  these  ncids  are: 
MoTiomota,  pontabasic,  XaJIJO^;    Dimeta,  tribasic,  AgJO,; 
Trimeta,  monobasic,  XaTO^:  Diperiodic,  octobasic,  Znj,0^ 

The  periodates  are  irenenilly  difficultly  soluble  and  are  like  th 
acids  in  proper! i(^s.  They  are  variously  obtained;  as  by  heatinji 
the  iodatcs.  or  by  the  oxidizing  action  of  chlorin  in  the  prewnrt* 
of  an  alkali: 

5RafT0,\  =  Ba,fTO,),  +  81  +  180. 
NalO,  +  3NallO  +  CI,  =  Na,H,IO,  +  2NaCL 
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The  Oxyions  of  the  Halogens.^The  acid  ions  formed  by  the 
union  of  the  halogens  \^'ith  oxygen  are  all  colorless,  unstable,  and 
quite  active.  The  dissociation  of  the  acids  is  various,  being  high 
in  those  m  which  the  valence  of  the  halogen  is  high  and  low  in 
the  others.    The  more  common  ions  are  as  follows: 

Hypochlorite,  CIO';  chlorite,  ClOj';  chlorate,  CIO3';  perchlorate, 
CIO/. 

Hypobromite,  BrO';  bromate,  BrOj'. 

lodate,  IO3';    periodate,  10/. 

The  halogens  also  form  complex  ions  with  certain  metals  and 
metalloids,  two  atoms  acting  like  oxygen  with  a  valence  two. 
These  ions  are  found  in  the  haloacids  and  the  halosalts. 


CHAPTER  XXIV. 
GROUP  VI B.    THE  SULFOIDS.    SULFUB  GROUP. 
Oxygen  16.    Salfur  82.    Selenium  79.    TeUnriam  127. 


GENERAL   PBOPEBTIES. 

WniLE  in  this  group  tho  elements  are  closely  related,  oxygen 
has  some  exceptional  properties.  It  is  a  gas,  while  the  others  ara 
solids;  its  valence  is  always  two,  while  the  others  exhibit  the 
valences  two,  four,  and  six;  it  is  negative  to  all  elements,  whfle 
tho  rcsft  of  tlie  group  are  less  negative  than  the  halogens.  Sulfur 
is  strongly  negative,  but  selenium  and  tellurium  are  near  the 
borderland  between  positive  and  negative  elements,  tellarium  evan 
acting  as  a  ijositive  to  form  salts  sucli  as  Te*^(SOJ,. 

Tlio  ^'r:idation  of  ]>roi>erties  is  well  marked.  As  the  atomic 
wi'iirht  iinrcast's,  the  specific  gravity,  melting-point,  and  boiling- 
pi)int  in«*n'ase,  wliilr  the  ehcniical  activity,  abundance  of  the 
eh-mcnt,  iind  iiunih^T  uf  compounds  diminish.  Some  of  the  lead- 
ing properties  are  given  in  the  following  table: 


Att>iirn'  Wfiuflit 

Siu't-iric  irraviiy 

MfltiiiLr-poiut 

li«»iliiii;-lM)int 

Heat  (tf  union  with  H, 
.\ll.)tr..iH-s ". 


<  >xyjrfn. 


16 
gas 


-  ivsr 

08,730  cal. 


Sulfur. 

Selenium. 

Tellurium. 

3:> 
•       2.0 
114. 5** 
448^ 
27()0  cal. 

79 

4.6 

217- 

680* 

-  11.100  cal. 

127 

6.26 

452" 

white  hflia 

4 

4 

Tho  c«nni)oniuls  of  tlieso  elements  are  exactly  analogous. 
'i'hose  of  oxygen  are  most  numerous  and  those  of  tellurium  least 
<o,  Tlii-y  unitt'  nndily  with  liydrogen  and  with  one  another 
exc«'})t  si'leniuiii  witli  tellurium.  They  have  a  strong  affinity  for 
the  metals  forming  oxids,  sulfids,  selonids,  and  tellurids.     They 
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have  but  little  attraction  for  the  halogens  and  form  unstable  com- 
pounds with  them  because  so  near  to  them  in  electric  quality. 
The  normal  valence  is  II,  the  acidic  valence  \n. 
A  few  typical  compounds  are  here  given: 


q^ygoD. 

Sulfur. 

Selenium. 

Tellurium. 

With  H 

H.0 

H,S 
SO,            S0» 

BCl,          SOU 

Na,S 

FeS 
H,S04 

H,Se 

SeOt        SeO, 

SeCl,      SeCU 

Na,Se 

FeSe 

H.SeO* 

H,Te 

WithO 

TeO,       TeO, 

With  CI 

C1,0         — 
Na,0 
FeO 

TeCl,     TeCl* 

WithNa.   

With  Fe 

Acids 

F^e 
H,Te04 

Oxygen  and  its  compounds  with  hydrogen  and  the  halogens 
have  already  been  treated.  The  remainder  of  this  chapter  will  be 
given  to  the  discussion  of  sulfur,  selenium,  and  tellurium,  and 
their  compounds  with  all  the  elements  heretofore  studied. 

SULFUR. 

Symbol  S.  Valence  II,  also  lY,  YI.  Atomic  weight  82.  Density  82. 
Molecular  weight  64.    Specific  gravity  about  2.     Melting-point  114.5°. 

Occurrence. — Sulfur  occurs  free  in  considerable  quantities  in 
volcanic  regions.  Large  deposits  are  found  in  Italy,  Sicily,  China, 
India,  Iceland,  California,  in  the  vicinity  of  Lake  Superior,  and 
in  the  Yellowstone  Park  region.  The  sulfur  may  be  imbedded  in 
or  interstratified  with  clay,  earth,  and  stone,  or  it  may  lie  in  the 
so-called  living  beds  where  the  deposit  is  continuously  growing 
because  of  the  separation  of  sulfur  by  chemical  processes. 

Sulfur  occurs  m  nature  in  numerous  compounds,  chief  of 
which  are  the  sulfids  of  the  heavy  metals  and  the  sulfates  of  the 
alkali  and  earth  metals  (Groups  I  and  It).  These  constitute  im* 
portant  native  minerals,  of  which  the  following  are  examples: 

Su^flds.—lTon  pyrites  FeS,,  copper  pyrites  CuFeS,,  galena  PbS,  blend 
ZnS,  cinnabar  HgS,  antimonite  Sb,S»,  realgar  As,S,,  orpiment  As,S,. 

8td/at€s.—lIea.YY  spar  BaSOi,  gypsum  CaS04,2HaO,  epsom  salts 
MgS04,7H,0,  glauber  salts  Na,SO4,10H,O,  copperas  FeSO«,7HaO. 

Sulfur  is  an  essential  constituent  of  plant  and  animal  bodies, 
and  the  unpleasant  odor  of,  decaying  organic  matters  is  largely  due 
to  the  sulfur  compounds  formed  in  the  decomposition. 

History. — Sulfur  has  been  known  from  the  earliest  times. 
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The  name  is  from  the  Latin.  It  was  formerly  called  brimikm 
from  the  old  English  brcnston^  which  means  burn-stane,  referring 
to  its  combustibility. 

Preparation. — bulfur  may  be  obtained  in  the  following  ways: 

1.  By  the  action  of  hydrogen  sulfid  upon  sulf uroua  oxid : 

21i.S  +  SOt  =  2U.0  +  8S. 

It  is  by  this  reaction  and  similar  ones  that  the  sulfur  has  been  deposited 
in  volcanic  regions,  as  these  two  gases  are  always  found  in  the  exhalstioos 
from  volcanic  vents. 

2.  By  the  incomplete  combustion  of  hydrogen  sulfid : 

n,s  +  O  =  II.O  +  S. 

This  reaction  is  better  n>presented  in  two  stages,  the  aulfnrons  oxid 
formed  in  the  iirst  acting  ui)on  the  hydrogen  sulfid  to  set  sulfur  free  lathe 
second: 

a.  I1..S  +  aO  =  lUO  +  SO.,        6.  2U,8  +  SO.  =  2H.0  +  8& 

3.  By  heating  metallic  suUlds  such  as  iron  pyrites : 

2FeS,  =  VeSt  +  S. 

4.  By  (Ioconi]H>sition  of  ^ulfiir  c()m])<>un(ls  with  acids. 

5.  Hy  s>|»:iniiin<^  tin' fne  >ulfiir  as  it  is  found  natiye  or  in  the  waste 
prcMliKMs  of  iiianiitMctun'  from  tlic  substances  with  which  it  is  mixed  by 

fusion  or  (li.siillHtii)n. 

'JMu'H'  an*  thnM'  principal  sonrecri  of  commercial  sulfur: 
1.  y'f/irr  sulfur,  Tiu*  sulfur-hoaring  rock  is  gathered  into 
kilns  ii^rially  iiia»l»'  on  a  hillside  and  witli  a  sloping  bottom.  The 
kiln  is  (■(»\<'n'(]  over  with  Imrnt-out  ore  so  as  to  limit  the  combus- 
tion. Tile  h.-ap  is  first  li;rlitod  witli  wood  and  then  the  heat  con- 
tiiiiKMi  hy  tin-  burninL'  <>f  a  ]»orti()n  of  the  sulfur.  The  melted 
sulfur  is  (liMwn  (»tT  1m'1«»w  into  moulds.  About  one  third  of  the 
sulfur  i-  l«'^t  in  tin'  o])cration. 

•-?.  Thr  ,i1htii  tnosfi^  of  fhr  snila  vinnyfadure.  In  the  Lebhmc 
Fo<]a  pHKM-sstlH'  n-siihir  in  tlio  lixiviatinjr  vats  contains,  along  with 
\\\v  linn-,  f-ali-iuni  sulli<l  and  alkali  sultids.  On  blowing  a  current 
of  air  tlirouL'h  tin*  tnixture,  foniplij'ated  chemical  changes  take 
phuM'  wlirrcby  tluTe  are  formod  oaloium  hydrosulfid,  Ca^,, 
calcium  polysultids,  jw  C'uS,  ,  and  calcium  thiosulfate,  CaS.Og.    On 
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ithig  this  mixture  with  hyilrochloric  acid  stilfor  ia  eet  free. 
The  following  (^qimtion  may  be  taken  to  repreaontr  the  reactioo: 

CttH,R,  +  ^CmS,  H-  gCaS.O,  +  lOHCl  ^  5CaCl,  -|-  6H,0  +  168. 

3.    The  Mpeni  iron  mid  of  ga»-wwh».     The  hydrated  iron  oxid 
used  in  the  parifiers  absorbs  the  hydrogen  eiilfid  thns: 

h\llfi^  +  3n,S  =  2FeS  +  6H/J  +  S. 

When  the  material  no  longer  ubBorbg  the  guB  it  is  thrown  out  and 
e;cpo9ed  to  air  and  moisture  by  which  the  ferrous  Bullid  is  rooxid- 
iied  with  the  separatiou  of  sulfur: 

j^FeS  +  3H,0  +  30  =  Fe,n,0,  +  -^S. 

The  materiEl  is  now  used  again  and  the  operation  repeated  until 
it  contains  about  50  j>er  cent  of  sulfuTj  when  it  einLSea  to  he  effective 
in  the  abfiorptiou  of  hydrageu  auJIid*  The  sulfur  itf  obtained  from 
tlu^  mixture  by  distUlaLion. 

PurificatioE,— The  em  do  sulfur  obtained  hy  the  commercial 
methods  \&  puriiied  by  distillation*  The  sulfur  is  melted  in  a  pot 
by  the  waste  heiit  of  the  fire  and  conducted  through  a  pipe  to  the 
retort  below,  whcTo  it  ia  converted  into  vaiwr,  'JHju  vapor  parses 
Into  a  brick  chamber  and  at  first  condeuBefi  on  the  walls  in  the  fine 
crystalline  powder  called  flomets  of  sulfur ^  which  is  swept  dowu 
mnA  removed,  'The  walls  presently  become  hot  and  the  mil  fur 
melU  and  collectfi  on  the  floor.  It  is  drawn  oQ  from  time  to  time 
into  a  vessel  from  which  it  ia  bidled  into  cylindrical  wooden 
motilda*     Thig  is  the  roll  sulfur  of  eommeroe. 

Uliistrjtions.— To  illnstrate  the  eeparatiou  of  sulfur  («)  fill  two  cylin- 
drrs*.  ihiy  oul^hjiU  hydrogyti  suifid  and  the  other  with  sutfaroas  exid,  bring 
tlwtm  mouih  to  tnouth  «nd  let  the  ga^es  mi.x.  The  hydrogen  salftd  cylinder 
fthoukl  be  twiGt»  us  liirgc  n&  the  other.  (6j  Heat  in  a  test-tube  some  finely 
pulvenaed  iron  pyrites.    The  aulfur  condenses  on  the  wall  of  the  tabo. 

Physical  Properties. — Sulfur  in  the  ordinary  form  is  a  pale 
yellow,  brittk%  eryt^ialline  solid  of  specific  gravity  '^^OS.  When 
warmed  in  the  hand  or  hy  application  of  heat  it  gives  out  a 
ersfiklin^  noiar  caused  by  the  movement  of  the  crystals,  and  when 
ropf*«itedly  warmed  it  falls  to  pieces.    It  is  a  bad  conductor  of  heat 
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aud  electricity,  and  whcu  rubbed  becomca  negatively  electrified.  It 
is  insoluble  in  water,  dissolves  with  difficulty  in  ether  and  alcohol, 
but  is  readily  soluble  in  carbon  disulfide  sulfur  chlorid,  petrolenniy 
benzine,  turpentine,  and  other  hydrocarbons.  The  best  solvent  ii 
carbon  disullid,  100  2)arts  of  which  dissolve  46  parts  of  sulfur. 

Sulfur  is  tasteless  because  it  is  insoluble,  and  odorless  because 
it  is  not  volatile  at  the  ordinary  temperature.  The  odor  which  is 
usually  perceived  is  due  to  various  sulfur  compounds  which  inay 
be  2)rc8ent.  It  melts  at  ll^.d''  to  a  yellow,  mobile  liquid  of 
specific  gravity  1.803.  On  being  further  heated,  the  liquid  darkens 
and  toiekons  until  at  230''  it  is  almost  black  and  so  viscid  that  it 
will  not  pour  from  the  V(vsol.  Above  300®  it  becomes  limpid 
again,  retaining:,  however,  it.s  dark  color,  and  at  448°  it  boib, 
yioldinp  a  j^iilc  yellow  vapor,  'i'he  vapor  density  at  1000°  is  32, 
oorresp<)inlin<r  to  a  molecular  formula  S^.  As  the  temperature 
falls  the  density  rises  and  at  boiling-pohit  indicates  the  formula 
Sg.  This  formula  is  also  obtainoil  by  the  study  of  sulfur  solutions. 
There  arc  four  physical  forms  of  sulfur,  at  least  three  of  which 
seem  to  be  true  allotropic  modifications. 

a.  Rhombic  or  Octaliedral  Sulfur, — This  is  the 
native  and  the  ordinary  form  and  has  the  prope^ 
ties  which  have  just  been  given  as  belonging  to 
sulfur.  In  native  sulfur  large  transparent  rhombic 
octahedrons  are  often  found.  Similar  crystals  are 
ol)taiiied  l)y  slow  cooling  of  sulfur  vapor,  or  by  the 
evaporation  of  solutions,  or  by  allowing  melted 
sulfur  to  (rrystallize  at  00°. 
p.  Mnvnrlinir  or  Pn'stntifir.  Sulfur, — When  melted  sulfur  is 
allowed  to  cool  in  the  air  it  crystallizes  in  long 
needle-f^haped  nionocliiiic  prisms.  These  may 
1)0  si  I  own  by  poTirint^^  off  the  liquid  after  a  few 
crystals  have  l»cen  fornu'd  in  a  vessel  of  cooling 
sulfur.  The  rhombi(r  form  becomes  monoclinic 
between  100  jiiid  114\  When  a  crystal  of 
rhombic  sulfur  is  kept  at  this  tompeniture  for 
porno  time  it  becomes  oj)aqno  owing  to  the  for- 
nuitioii  of  muncrous  small  monoclinic  crystals.  **^ 

Monoclinic  sulfur  has  a  specific  gravity  1.96  and  melts  at  120*. 
It  diss(»lves  in  carbon  disulfid,  but  crystallizes  from  the  solution  in 
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the  rhombic  form.  It  is  UBdtable,  becomiug  opaque  in  a  few  hours 
And  in  tt  day  or  two  changing  completely  to  the  rhombic  form. 
This  change  is  accelerated  by  vibration^  or  by  eeratching  the 
crystal 3j  or  by  the  action  of  sunlight,  and  is  accompanied  hy  the 
eTolution  ol  heat  to  the  amount  of  73  caloriea  for  each  gram- 
utomie  weight  of  salfur, 

y^  White  Amorphous  Sulfur. — Flowers  of  sulfur  consiete  of 
rary  email  particles  of  rhombic  sulfur  mixed  with  a  varying 
qnaQtity  of  white  amorphous  Bulfur.  This  latter  is  obtained  by 
treating  flowers  of  Bulfur  with  carbon  disulfid,  which  removes  the 
rhombic  variety  and  leaves  the  amorphous  substance  undissolved. 
It  lis  also  produced,  when  intense  light,  such  as  the  suu  or  electrio 
light,  acts  upon  sulfnr  in  solution  in  ciirbou  disnlfid.  The  clear 
liqniil  soon  becomes  turbid  from  the  Beparation  of  amorphoni 
sulftir. 

This  form  of  sulfur  is  a  white,  amo:^hons  powder  insoluble  in 
carboti  disulfld.  It  remains  unohanged  at  the  ordinary  tempera- 
turt?;  bnt  at  100"^  it  turns  yellow  and  passes  into  the  Boluble 
rhombic  form  with  evolution  of  heat. 

rf.  Plastic  Bulfur. — When  sulfur  in  its  state  of  viscid  fusion  is 
itiddenly  cooled,  or  when  in  limpid  fusion  at  a  higher  temperature, 
it  \&  poured  slowly  into  cold  watefj  it  becomes  a  semi-solid,  tough, 
elaniio  mass  which  can  be  drawn  into  threads,  moulded  into 
Tftfioos  fomis^  and  impressed  with  seals.  This  is  called  plastic 
wnifur.  It  has  u  dfirk  ambor  color,  is  Bemi*tran&parent,  has  a 
specific  grayity  1.95.  and  is  insoluble  in  carbon  disulfid.  It 
gradually  passes  hack  to  the  rhombic  form  and  the  change  takes 
place  quickly  at  lOO"*, 

Sulfur  comes  into  commerce  in  the  three  following  forms: 

1.  H(M  Sulfur  or  Brimstone^  the  alpha  variety  already 
d<»«cribe^i 

2.  Flowers  of  Sulfur  *  which  we  have  found  to  be  a  mixture  of 
rliombic  and  amorphoni  aiilfur. 

3.  Milk  of  Sulfur  (Lac  euLfnr),  a  fine  sulfur  powder  obtained 
bv  pr«=^cipitating  snlfnr  from  a  solution  of  polysnlfids  by  means  of 
hydTochloTio  acid.  When  sulfur^  lime,  and  water  are  boiled 
tog^tber,  soluble  polysulfids  of  calcinm  are  formed,  mainly  the 
peuUiaalfid.    If  to  the  clear  liquid  which  may  be  decanted  or 
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siphoned  oil  hyilroclilorio  a<:i(l  be  added,  the  sulfur  is  precipitated: 

CJaS^  +  ^^IICI  =  CaCl,  +  H.S  +  4S. 

This  product  is  amorplioua,  pale  yellow,  and  sohiblc  in  carbon 
disulfid.     It  is  probably  simply  finely  divided  ordinary  sulfur. 

lUustratiODB.  —  Commou  roll  sulfur  and  flowers  of  sulfur  are  examples 
of  i.io  rhombic  furiu.  Dissolve  one  half  a  gram  in  3  cc.  of  carbon  disulfid, 
lot  uvaporato  and  examine  the  small  rhombic  crystals. 

To  prepare  ttie  prismatic  f«rm  heat  in  a  deep  evaporating-dish  some  50 
grams  of  sulfur  nearly  to  boiling.  Allow  to  cool  slowly  and  as  soon  as  the 
crystals  have  well  begun  to  form  i>our  off  the  excess  of  liquid  sulfur,  break- 
ing the  crust  if  necessary.  The  dish  will  be  found  covered  with  the  needle- 
sbapoil  crystals. 

TroaL  flowtTs  of  Hulfur  with  carbon  disulfid,  filter  and  wash  with  carbon 
(lisuind.     Tho  residuois  amorphous  sulfur. 

To  show  the  fusion  pc^euliaritios  of  sulfur  and  the  formation  of  the 
j)lasti(!  variety  molt  in  a  wide  test-tube  30  grams  of  roll  sulfur  with  con- 
stant shakin<^.  The  liquid  is  first  mobile,  then  becomes  viscid,  when  the 
tul)«»  may  ho  inverted.  WImui  it  has  nearly  reached  the  boiling-point  ponr 
in  a  fmo  stream  into  a  beaker  of  water.  Preserve  the  plastic  mass  and 
note  tliat  in  a  few  days  it  becomes  brittle  and  yellow. 

Chemical  Properties. — At  the  ordinary  temperature  sulfur  is 
incrV,  but  wiMi  the  aid  <»r  ln»at  and  in  the  naseout  state  it  is  one  of 
\\\Ky  most,  lutivo  of  fin'  rbmiical  elements.  It  ignites  at  200'"  and 
burns  with  a  pah '-blue  ilann'  to  SO.,.  In  oxygen  the  flame  if 
brii:bter  and  with  tbe  SO.^  a  small  ([uantity  of  SO^  is  fomietl. 
Wii'Mi  bnrtu'd  iiinltT  pressure  a  still  lar«jcor  quantity  of  SO,  is  pro- 
(ii.ivi.  At.  ISO'  slow  «>\idation  takes  place  with  phosphoroscenee, 
:::il  rv(^ii  at  the  ordinary  teirij)eraturo  in  the  presence  of  air  and 
ni  isliiro  it  is  slowly  fonvertcd  into  sulfuric  acid.  Hoilinpr  nirrie 
::  '  siilfur'n.'  aiids  dissolve  sulfur,  tbo  first  oxidizing  it  to  sulfuric 
'■   ami   tin'  secoinl   to  sullnrous  oxid,   SO,.     It  is  most  readily 

i/ed  by  beatini^  it  witii  a  mixture  of  nitric  acid  and  pot^issium 

I  ate.     Hot  alkalil^s  dissolve  it,  yielding  a  mixture  of  sulfids  and 

>.vultites. 

•y  (be  aid  (»f  in 'at  sulfur  nniy  bo  made  to  combine  with  nearly 
r  \\w.  elenn-Mls  n^'^jjative  uud  positive.      Several  of  the  metals 

I  in  its  vapor.     11  unites  readily  with  hydrogen,  oxygen,  and 

.•oxyl. 
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In  its  chemical  actions  it  closely  resembles  oxygen  and  forms 
many  similar  compounds,  both  binaries  and  ternaries.  Gorre* 
sponding  compounds  of  oxygen  and  sulfur  give  similar  chemicid 
actions: 

2NaH0  -f  HjSO^ = "^am,-^  Hp. 

2NaHS  T  HjSO^  =  Na^SO^  -h  H,S.  ' 

IlliistFatioiis. — Ignite  some- sulfur  and  note  the  flame  and  the  odor,  which 
is  that  of  the  SOs  produced. 

The  direct  union  of  sulfur  with  ether  elements  may  be  shown  as  follows: 
Heat  sulfur  in  a  small  fl«isk  until  it  boils  and  the  flask  is  full  of  the  vapor. 
Lower  successively  into  the  flask  a  jet  of  hydrogen,  a  bit  of  sodium,  a  cop- 
per ribbon,  a  bundle  of  red-hot  steel  wire.  They  all  burn  to  sulfids.  If  a 
white-hot  bar  of  iron  be  touched  to  a  stick  of  roll  sulfur,  the  iron  and  sul- 
fur combine  and  there  falls  a  brilliant  shower  of  the  molten  sulfld. 

To  show  the  spontaneous  oxidation  of  sulfur  stir  together  flowers  of 
sulfur  and  water  for  a  few  minutes  and  filter.  The  liquid  contains  sulfuric 
acid,  as  is  shown  by  its  reddening  litmus  and  giving  with  barium  chlorid  a 
precipitate  of  barium  sulfate. 

Physiological  Properties. — Sulfur  is  not  poisonous.  Takbn  in 
small  quantities  it  is  medicinal,  but  in  largo  quantities  it  is 
injurious  to  the  human  body.  It  and  several  of  its  compounds  are 
much  used  in  skin-diseases. 

Tests. — Sulfur  is  recognized  by  its  general  physical  properties 
and  its  odor  when  burned.  To  detect  it  in  its  compounds  fuse 
with  sodium  carbonate,  moisten,  and  place  on  a  piece  of  silver. 
A  dark  spot  of  silver  sulfid  is  formed. 

Uses. — Sulfur  is  used  in  the  manufacture  of  sulfuric  acid,  gun- 
powder, vulcanized  or  hardened  rubber,  sulfur  matches,  and 
various  sulfids.  It  also  serves  as  a  medicine  and  for  many  minor 
purposes  in  the  arts. 

SULFUR  COMPOUNDS. 

Sulfur  is  chemically  active  and  its  compounds  are  very  numer- 
ous. It  unites  with  nearly  all  the  elements  both  positive  and 
negative.  It  performs  the  linking  function  like  oxygen  and  yields 
similar  compounds,  sulfids,  thioacids,  thiohasea,  and  thiosalts. 
It  forms  the  colorless,  active,  negative  sulfid  ion  S",  but  like 
oxygen  more  readily  enters  into  complex  ions  such  as  HS',  SO/', 
CS,",  etc.  The  heat  of  formation  of  the  sulfid  ion  is  —8,400  calo- 
ries. 
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COMPOUNDS  OF  SULFUK  WITH   HYDBOOEK. 

Sulfur  forms  two  compounds  with  hydrogen  corresponding  to 
the  two  oxids  of  hydrogen: 

Hydrogen  sulfid,  1I,S,  or     II— S— H.     Oas. 

Hydrogen  persullid,  II,S,,     or    H — S — S — H.     liquid. 

In  the  first  sulfur  is  bivalent  and  stands  between  the  hydrogen 
atoms.  In  the  second  sulfur  seems  to  have  a  valence  one  (pseudo- 
monad),  but  there  are  good  reasons  for  believing  that  it  is  the 
monovalent  ratlical  (IIS)',  called  hydrosulfuryU  existing  free  by 
uniting  with  another  similar  radical,  thus:  (HS)|. 

HYDROGEN  SULFID. 

Formula  HjS.    Molecular  weight  34.    Density  17.    liter  weighs  1.68. 

History  and  Occurrence. — Hydrogen  sulfid  was  discovered  by 
Schecle  in  IT 77.  It  occurs  in  volcanio  gases,  being  formed  "bg  the 
direct  union  of  its  elements.  It  is  found  in  small  quantities  in  the 
atmosphere,  since  it  is  formed  by  the  decomposition  of  organic 
matters  which  contain  sulfur.  It  is  produced  by  the  union  of 
hydrogen  and  sulfur  in  the  dry  distillation  of  coal  and  hence  is 
found  in  cotil-^as.  It  is  the  chanicteristic  constituent  of  sulfur 
wiitcrs  111  id  gives  tliein  tlieir  odor  and  medicinal  properties. 
Licjuid  liytlrogen  sulfid  was  first  prepared  by  Faraday  in  1823. 

Preparation. — Hydrogen  sulfid  is  formed  in  tlie  following  ways: 

1.  Hy  tli«»  (lin»ct  union  of  ilie  elements,  as  when  sulfur  vapor  and  hy- 
droLTcn  aro  passed  t«)gethcr  tlirough  a  red-hot  tube,  or  when  hydrogen  is 
juLsscd  throu;;h  bi>iliii^  sulfur,  or  over  hot  metallic  sulfids. 

2.  Hy  the  action  of  nascent  hydrogen  upon  sulfur,  as  in  the  decompo- 
sition of  or;rani<^  matter  containing  sulfur,  in  the  distillation  of  coal,  and 
wli«>n  sulfur  is  lieatcd  with  certain  organic  compounds  such  as  paraffin. 

:>.  In  the  reduction  of  alkaline  sulfates  by  decaying  organic  matter. 
-4.  By  the  action  of  acids  uiwn  sulfids:  FeS  +  ITaSO*  =  FeSO«  +  UaS. 

IfydrogcMi  sulfid  is  commonly  prepared  according  to  the  last 
method.  Fra^nnonts  of  iron  sulfid  arc  placed  in  a  bottle  which  is 
furnished  with  nafety-  and  deli  very- tubes  and  the  acid  added 
tliroiigli  the  safety-fuinicl.  The  gas  is  collected  by  displacement, 
or  ia  ro7idii('t<'d  into  water  to  form  the  solution,  or  it  may  be 
ImriuMl  from  a  jet  like  liydrogen.  Sulfuric  acid  of  proper  strength 
has  a  s])ecific  gravity  1.1  and  contains  15  per  cent  H,SO^. 


Physical  Properties,^ — Hydrogen  sulfid  is  a  colorless  gas  Tvith  a 
aweetlah  taste  and  an  uupleiisaDt  odor  recalling  tiiat  of  rotten  Qgga 
anil  putrefying  animal  matters.  It  is  a  little  heavier  thiin  air,  its 
gpecific  graYitv  being  1.177.  Water  dissolves  at  0''  4,37  Tohimes 
of  hydrogen  sulfld;  at  5""  4.18  vohimes;  at  10*^  3*58  volumes:  at 
15"  3.23  volumes;  aud  at  20"*  2.9  volumes.  At  100°  the  gas  is 
wholly  expelled  from  solution.  The  solution  has  the  properties, 
odor,  and  taste  of  the  gas* 

tinder  a  pressure  of  IT  atmospheres  at  the  ordinary  tempera- 
turei  or  at  —  70 '^  under  atmospheric  pressare,  hydrogen  sulfid 
condenses  to  a  colorless  liquid  which  bolls  at  —  GLH^'und  has  a 
specific  gravity  0*1*.  At  low  temperatures  it  becomes  a  white 
crystalline  solid  which  melts  at  —  85°,  Its  critical  temperature 
and  preesure  are  100"'  and  92  atmospheres. 

Chemical  Proper  ties  #^ — Hydrogen  stilfid  bums  with  a  pale-blue 
fianie  to  sulfurona  oxid  and  water:  2H,S  +  30^  =  2S0,  +  2H,0. 
If  the  supply  of  oxygen  is  deficient,  sulfur  separates:  2H,S  -f-  20^ 
=  SOj  +  211,0  +  S*  -^  mixture  of  two  volumes  of  hydrogen 
sulfid  with  three  volumes  of  oxygen  explodes  when  ignited,  it  is 
unstable,  as  might  be  expected  from  its  low  heat  of  formation, 
which  is  as  follows: 

(II,,R,  gas)  =  2700  caL  (H,S.  Aq)  =  4600  cal*  (H,3,Aq)  =  7300  caL 

Hydrogen  sulfid  is  decomposed  by  oxygen  and  the  halogens^ 
these  elements  taking  the  hydrogen  and  setting  the  sulfur  free : 

H,S  +  0  =  H,0  +  S;  H,S  +  CI,  =  2HCI  +  S* 

Hydrogen  sulfid  water  soon  becomes  turbid  because  of  this  separa- 
lioD  of  sulfur.  The  action  wdth  fluorin,  chlorin,  and  bromin  is 
exathermic  and  takes  place  at  the  ordinary  tem]jeratare,  while 
that  with  iodin  is  endothermic  and  must  be  aided  by  heat  unless 
^  '     present,  in  which  case  the  solution  of  the  hydrogen  iodid 

i-  '  ni  to  keep  np  the  action.     Because  of  its  action  with 

o^cygen  hydrogen  snlfid  is  a  rather  powerful  reducing  agent.  It 
reduces  «rids  inch  as  ehromic,  manganic,  nitric,  and  sulfuric: 
JI^HO.  +  H,S  ^  m^  +  ^H,0  +  S.  If  fuming  nitric  acid  be 
poured  into  a  jar  of  the  dried  gas,  ignition  takes  place  with  a  slight 
'  '     ■  it^  at  red  heat,  HjS^Hj+S. 

cheiidcallv  active  for  three  reaBons:   firet 


jm 


A 


272  INORGAyiC  CffEMISTBT.  [Ch.  XXIV. 

because  it  is  unstable,  second  because  it  always  contains  free  acti?e 
ions,  third  because  both  hydrogen  and  sulfur  have  strong  affinities. 
The  solution  is  more  active  than  the  gas  because  the  dissociation 
is  greater.     There  are  two  sets  of  ions,  as  follows: 

1I,S  =  H'  +  U'  +  S"    and    H,S  =  H' +  HS\ 

There  will,  therefore,  be  two  kinds  of  reactions,  the  one  forming 
sullids  and  the  other  hydrosulfids.  The  former  is  the  more 
common.  These  reactions  are  characteristic  and  occnr  with  the 
metals  and  their  oxids,  hydroxids,  and  salts.     Examples  are: 

Pb  +  H,S  =  I'bS  +  H,;    CuO  +  H,S  =  CuS  +  H,0; 
Cair^O^  +  :i ILS  =  r:iH,S,  +  2H,0 ;   FeSO,  +  H,S  =  FeS  +  HJSO^ 

UydroireTi  siiltid  thus  u])})ears  as  a  weak  binary  acid  resembling 
the  haloid  acids.  It  has  a  structure  similar  to  that  of  water  and 
])ears  the  same  relation  to  the  thioacids,  thiobases.  and  thiosaltB 
that  watt?r  does  to  the  ordinary  acids,  liases,  and  salts: 

II — S — II,  hydrogen  sulfid ;  II — 0 — H,  water. 

K — S — 1 1 ,  i>otassiiiiii  liydrnsulfid ;   K — 0 — H,  potassium  hydroxid. 

It  is  because  of  the  at'tion  of  atmospheric  hydrogen  sulfid  upon 
mct'ils  tliMt  articltts  made  of  tin,  lead,  silver,  etc.,  tarnish  in  the  air, 
ami  tliat  white-lead  paint  darkens  with  age,  most  of  the  metallic 
sii!li<ls  b-'iuir  i)laek.  K;.^;jrs  are  rich  in  sulfur  compounds  and  hence 
l)I:ii*ken  and  injure  silver  sjXMins. 

Illustrations.— Th.*  suliitioii  of  hydrogen  sulfid  is  obtained  by  allowing 
it  I.)  l>:i[)l»i«-  ilir(.ii;^'h  wjiior.  Tlie  gas  may  bo  liquefied  by  generating  it  in 
:i  cIosjmI  n^!)«^ 

Burn  hy.lrou'.n  siilli<l  from  a  ji't.  Fill  a  jar  and  bring  a  burning  match 
to  its  mouth.  Xot<;  the  flame  and  tlui  deposit  of  sulfur.  Fill  a  jar  with  a 
mixture  of  tlu'  i^.is  and  oxygen  or  air  and  ignite. 

Mring  toi^eilin-  the  mouths  of  two  jars  filled  the  one  with  cblorin  and 
th«'  otlior  witli  moist  hydn.g^Mi  sulfid.  As  the  action  goes  on  sulfur  is 
fh'pn^itrd  (HI  th(?  wall  (if  lln*  jar. 

To  show  the  notion  of  hydrogen  sulfid  u|X)n  metals  pass  the  gas  snccess- 
iv'-ly  into  (vlind.'rs  eoiit;iining  the  following  solutions :  copper  sulfate, lead 
uitr.i'*',  (\Mrlrniuiii  chlorid.  niitimonous  oldorid,  and  zinc  sulfate.  A  clear 
X 'hit  ion  nf  Mutimonous  rhlorid  is  obtained  by  adding  a  little  tartaric  acid, 
and  tlie  ziiie  sulphate  must  he  made  alkaline  with  ammonia. 


Cb.xxbm       the  svlfows.  suiFun  onoup. 


ST3 


Physiological  Properties, — Ilydrogen  galBd  m  quite  poisoiioas. 
Wlien  brent  hud  ff^r  some  lima  even  very  diliitt\  it  caiiscs  headacliet 
di^£iiies3,  sty  pur  J  aud  filially  aepliyscia*  it»  sHeets  are  mare 
ttinrked  upon  some  animals  than  upon  otherSi  Cold*bIoaded 
aaimalg  are  least  affected*  One  part  lit  i5(>0  of  air  is  fatiil  to 
Mrd%  one  in  800  to  dogs,  and  one  in  200  to  mbbite*  The  best 
iLUtidote  ia  very  dilute  cldoriu,  which  may  be  obtained  by  moisten- 
tug  a  cloth  with  acetiu  acid  and  sprinkling  over  it  hUniehing- 
powder.  The  solution  when  taken  into  the  stomach  in  moderate 
quantities  is  medicinal;  but  when  too  much  ia  used  it  prodac^B 
derang€*racnt. 

Tests. — Hydrogen  sulfid  ib  recognized  by  its  odor  and  its  action 
irith  metals  and  their  saits.  Paper  moistened  with  solution  of  lead 
act?tatc  u  turned  brown  or  black  by  it. 

Uses. — Native  waters  which  have  hydrogen  sulfid  in  solution 
lire  much  used  as  medicinal  mineral  waters.  They  are  considered 
beneficial  in  certain  ailments  such  as  diseases  of  the  e^kin,  liver, 
and  kidneys*  The  artilicifd  gas  and  solution  are  extensively  nsed 
as  reagents  In  anal}*tieal  chemical  laboratories  in  the  reparation 
and  lileiititiriition  nf  metal 8. 

Hydiosulfids — llvdrogulfids  are  analogous  to  the  Iiydroxids 
and  may  he  derived  by  replacing  one  H  of  hydrogen  sulfid,  as 
K^?^  —  IL     They  are  uni^table  and  only  a  few  are  known, 

SiilfidB. — ?>ultids  may  he  regarded  as  binary  compounds  of 
sulfur,  or  as  derivatives  of  H,S,  both  hydrogen  atoms  being 
replaced : 

H_S_n,     K— S— K,     K— S— Na,     Ba  =  S,     CI— S^Cl, 

A  few  sulfide  are  gases,  some  are  liquids,  the  rest  are  solids. 
Tliey  all  dissolve  in  acids^  while  only  the  sulfida  of  the  alkalies 
and  of  liydrogen  arc  soluble  in  water.  They  closely  resemble  the 
c*xids  in  many  respects.  Positive  and  negative  snltids  unite  to 
form  thioaalts,  K,S  +  SnS,  -  K,SnS,v  Compare  K,0  +  CO,  = 
K/'O^,  With  acids  they  give  hydrogen  snlfid  and  a  salt  of  the 
iK*id  :  FeS  +  Il,Sf\  :^  FeSO^  +  11  fi.  Negative  sulfids  are  decom- 
pcMod  bv  water  ridding  hydrogen  sulfid  and  an  acid,  P^S^  -|-  811,0 

Sullld«  are  frmnod  by  the  direct  union  of  the  elements^  or  by 
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the  action  of  hydrogen  gulfid  or  ammonium  sulfid  upon  metals  or 

metallic  salts: 

Cu  +  S  =  CiiS,     Fe  +  II,S  =  FeS  +  H„ 
1I,S  +  ZnSO,  =H,SO,  +  ZnS. 

Sulfids  may  be  classified  according  to  their  solubility  as  foUowB: 

1.  Sulfids  insoluble  in  dilute  acids  and  precipitated  from  acid  aolntioa 
by  hydrogen  sultid;  ns,  llgS,  PbS,  Bi«S.,  CuS,  CdS,  8biS„  AB.St,  SoS,  AuS, 

PtSa. 

2.  Snifids  insoluble  in  alkaline  solution  and  precipitated  by  HiS  in  the 
presence  of  ammonia  ;  as,  FeS,  NiS,  CoS,  MnS,  ZnS. 

8.  Sulfids  soluble  in  water  and  not  precipitated  by  HsS ;  as,  BaS,  SiS^ 
CaS,  NiiaS,  K,S. 

Some  sulfids  may  be  recognized  by  their  characteristic  colorB.  Zine 
sulfid  is  white,  arsenous  sulfid  pale  yellow,  an timonous sulfid  reddish  yellow, 
and  cadmium  sulfid  golden  yellow. 

HYDROGEX   PERSULFID. 

Formula  HiSi.  Molecular  weight  66.  Density  88.  Specific  gniity 
1.73. 

History  and  Occurrence. — Ilydrogen  persulfid  was  first  dift- 
covered  ])y  Sclu'ele  mid  afterwards  investigated  by  Bertheloty 
Tlu'iianl,  ami  Ilofmanu.     It  does  not  occur  in  nature. 

Preparation. — As  hydrogen  peroxid  is  formed  by  the  action  of 
iiv.'uU  upon  jKToxids,  so  hydrogen  persulfid  is  obtained  from 
persuUlils  by  similar  action: 

(aS.^-f:>IICl  =  CaCl3  +  II,S,. 

It  may  also  ho  obtaiiUMl  as  follows:  When  hydrogen  sulfid  acts 
upon  strychnine,  a  beautiful  orj'stalline  compound  results  having 
the  formula:  -C',,II,.N2<^i3il2^.^.     From  this  the  H,S,  is  separated 

by  tlic  artion  of  aeitls. 

Illustrations.— To  prepare  hydrogen  persulfid  pour  into  dilute  hydro- 
clilorie  acid  with  eoiistant  stirring  a  solution  of  calcium  persulfid  obtained 
by  boiling  to«::ether  one  jKirt  of  lime,  two  parts  of  fiowers  of  sulfur,  and  six- 
teen parts  of  water.  Tlie  oily  liquid  settles  to  the  bottom  and  may  be 
reniovL'd  with  a  pipet  or  by  means  of  a  soparatory  funnel 

The  sohuioii  of  calcium  persulfid  contains  also  calcium  polysulfidsaDd 
sulfur  is  s.'t  free  as  follows  :  CaSs  +  2HCI  =  CaCl,  +  HA  +  88. 

Physical  Properties. — Hydrogen  persulfid  is  a  yellow,  oily 
liquid  of  siieeili<;  gravity  1.73.     It  has  an  acrid,  sweetish-bitter 
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taste  and  a  |>utigeiitj  irritating  odor  accompanied  b}'  tbe  odor  of 
hydrogeti  sulfid.  Tlie  Tapor  attticiks  the  eyes  and  tuucoiti  mem- 
branes iiiid  the  liquid  hliaters  the  skiti.  It  is  poisonous  like 
hydrogen  flulfld.  It  is  insoltiUo  in  water,  but  soluble  in  ctirhon 
tlisulfid  Hiid  ether.  It  diasolvei  eulfur  freely,  and  since  sulfur  is 
set  free  in  its  preparation  and  in  ite  decomposition,  it  can  acarcely 
he  ohtained  free  from  thi§  element.  Indeed,  it  probably  unites  to 
aiitfur  in  several  proportioni  so  that  we  may  have  the  series  of 
eompomids,  H,S,  II, S,,  11,8,,  H,S^,  H^S^* 

Chemical  Properties. — Hydrogen  persulfid  is  nnstahle,  decom- 
posing gnu! tmlly  at  the  ordinary  temperature  and  in  the  presence 
of  moisture,  and  rapidly  when  heated.  When  quite  diy  it  is  more 
stable.  It  19  chemically  active,  a  vigorous  reducing  agcnt^  and 
bleaches  feeljly*  It  dissolvea  phosphorous  and  iodin  slowly,  form- 
ing P,Sj  and  HL  It  is  not  acted  upon  by  SO^,  It  is  simply  of 
acientific  interest,  having  no  commercial  importance. 
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COMPODNDB   OF   SULFUR   W^ITH   THE    HALOGENS, 

Stdfur  has  but  little  aflinity  for  the  halogens  and  all  the  com^ 
undfi  are  unstable.     The  following  have  been  prepared: 


8F.,     SA.     SCI.,     SC1„     S,Br„     SJ,,     SI.. 


The  most  stable  of  these  compounds  is  S^Cl^,  and  it  is  the  only 
one  which  C4in  be  gasified  without  decomposition.  SCl^  can  only 
be  fornied  and  kept  below  —  20°, 

Sulfur  ae^aduorid,  8F*i  formed  by  direct  union  of  the  elementSp  is  a  gas 
ite  TO  cold  becomes  a  white  eryatalline  solid.    It  meUs  at 
i\t  nhmit  the  same  temperature.   It  is  remarkable  for  being 
Twy  ft  able  and  chemically  inactiTe  and  for  having  neither  odor  nor  tasto. 

Dkulfur  Dkhlorid  {Sulfur  monochlorid),  S,^C%.—Prifparatwn, 
— This  substjincc  is  prepared  by  passing  dry  chlorin  over  heated 
anlfnr.  Tbe  distillate  is  redistilled  to  separate  it  from  the  enlfor 
';  '  'f^rhl  wliich  is  formed  at  tlie  same  time.  It  Is  also  produced 
-tilh'ng  sulfur  with  etannons  chlorid,  SnCl^,  or  mereurio 
chloride  HgCl,,  or  phosphoric  chlorid,  PCl^. 

PhiiMmJ  Praji€rfi€9*—^\)\m\i\\T  dichlorid  is  a  dark -yellow,  oily, 
fuming  liquid  with  a  disagreeable,  penetrating  odor  and  an  acid 
i«#te.     It  has  a  speciHc  gravity  l.r,  boils  at  138^  and  does  not . 
msAxAity  at  -  75^     The  density  of  the  vapor  is  67,4,     This  indi- 
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cates  a  molecular  woi;::lit  of  134.8,  and  corresponds  to  the  formnk 
S^Clj,  whu'li  lias  probably  the  structure  CI — S — S — CI.     From  ita 

>C1 

analogy  to  tliionyl  chlorid,  0  =  S^  ,  ,  its  formula  may  be  written 

/CI 
SiiS'^cij ,  or  S  =  S(^    ,  in  which  one  tS  is  bivalent  and  the  other 

tetravalent.  It  is  therefore  sometimes  called  siilfothionyl  chhrid. 
It  is  soluble  in  carbon  disullid,  benzene,  alcohol,  and  ether, 
making  solutions  all  more  or  le^  unstable.  It  dissolves  sulfar 
in  such  quantity  that  the  solution  is  a  syrupy  liquid  containing  as 
much  as  <>('>  jht  rent  of  sulfur.  This  solution  dissolved  in  carbon 
disultid  is  used  in  vulcanizing  India  rubber. 

Chemind  Prnpertivii. — Disulfur  dichlorid  is  the  most  stable  of 
the  halogen  cniujiounds  of  sulfur,  and  yet  it  is  readily  decomposed 
by  nunirrous  clu'iiiical  agents.  With  water  it  yields  hydrochloric 
acid,  su  If  11  runs  ox  id,  and  sulfur,  with  hydrogen  snlfid  it  give* 
liyt]ro<iilnri<*  arid  and  sulfur,  and  it  unites  with  ammonia  to  form 
tlie  c,>ni])ound  S.Cl.  ,4N  II,. 

Thc'\'a])nr  attacks  tlic^  mucous  membranes,  irritates  the  eyes, 
causinL^  tears,  and  produce^^  other  physiological  eiTects  similar  ta 
tlm.-t'  of  rlilnrin. 

Sulfur  Dichlorid  (IIy]>'»sulfiinnis  chlorid),  SCli. — This  compound  is  pre- 
pan<l  liv  p;i.--;!i- i!i  \  i-hlorin  into  <lisulfur  dieldori«l  at  0*  until  tlie  liquid 
a>.-nnn'>  ji  d.-ip-nil  <•.)!. u-  ami  n-nrnvin^  the  i.'xecss  of  chluriu  with  a  slivaui 
of  ear!)' Ml  «linxi»!.  Ti»  prrs«'rvi?  it  ilie  vt's.-jt'l  shtinld  bo  kept  full  of  elili>rin 
and  away  frnm  tin'  IiltIiI. 

Sulfur  dielil. .!■;.!  i>  ;:  hpjwiiisli-nMl  liquid  with  odor,  tasto,  and  physlo- 
loi^ical  pn.prriirs  lik«'  S.CI...  ll  lla^  a  specilie  j^ravity  l.(5.">  and  hiis  no  tuMi- 
fitanl  hoilin^-pnint.  Il  is  diM-onipost-il  ]>y  heat  and  light  and  various 
elirniieal  aL^rnts.  Al)«)ve  W  it  iM-irins  to  separate  into  SiCla  and  CU,  at  W 
the  disMK-iatinn  is  TiO  prr  cent,  and  at  1:J0'  it  is  complete.  With  water  it 
>rivrs  IlCi  and  HiS.^Orj,  and  with  ammonia  N,  S,  Nn«Cl.  Recent  invesii- 
LTations  slmw  that  this  compound  is  probably  a  mixture  of  SsCli  and  SCI«. 

Sulfur  Tetrachlorid  Siilfurons  e}do^(^,  SiCK.  — Siilfnr  tetrachlorid  is  pre- 
j)ared  by  |>as>iri.r  <hy  rli!iiri!i  into  .SCi-j  at  — 'Ji"  until  it  is  saturated.  It  is 
n  l)rownish-yiI!'i\v  li(|iii<l  whir-h  dee«)mposes  rapi<lly  as  the  temperature 
rises.  At  —  !.">'  th«^  dis»«nei.ition  amounts  to  58  per  cent  and  at  7°  it  is 
(?oMiflet«'.  It  a<"is  viLToronsly  witli  watrr,  irivinp  HCl  and  SO,.  It  forms 
nioh-cnlar  eoinpninnls  with  metallic  ehlorida  and  iodin  trichlorid  such  as 
AuCh,  SCK.  and  K^-,  S(M,. 
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Disolfur  Dibromidy  SsBri,  is  prepared  by  dissolving  sulfur  in  bromine  and 
removing  the  excesit  of  bromin  with  a  stream  of  dry  carbon  dioxid.  It  is 
a  rnb3'-red  liquid  which  boils  between  190*"  and  200*",  with  decomposition. 

Disulfor  Diiodid,  S3I1,  is  formed  by  heating  iodin  and  sulfur  together, 
or  by  the  action  of  ethyl  iodid  upon  disulfur  dichlorid: 

2C,H  J  +  S2CI.  =  2C.H.C1  +  S,I,. 

It  is  a  solid  which  forms  lustrous  tabular  crystals  and  melts  at  60*. 

Sulfur  Hexaiodid,  Sle.— When  a  solution  of  iodin  and  sulfur  in  slight 
excess  in  carbon  disulfid  is  allowed  to  evaporate  at  a  low  temperature,  a 
gray  crystalline  substance  separates,  which  is  said  to  have  the  formula  Sle. 
It  is  isomorphic  with  iodin,  and  on  exposure  to  air  slowly  decomposes,  the 
iodia  evaporating  and  leaving  the  sulfur. 

OXIDS  OF  SULFUR. 

The  valence  of  sulfur  being  II,  IV,  and  VI,  there  should 

be  three  oxids:    Hyposulphurous    oxid,  SO  or  S=0;   sulfuroug 

oxid,  SO,  or  0=S=0;  and  sulfuric  oxid,  SO,  or  0=&=0.     The 

II 
0 

lirst  has  not  been  obtained,  although  the  corresponding  acid  and 

its  salts  are  well  known.     The  other  two  are  easily  prepared. 

Besides  these  there  are  two  other  oxids  of  sulfur  whose  struc- 
ture is  not  so  apparent.  In  them  the  sulfur  seems  to  have  valences 
III  and  VII,  but  the  formulas  may  be  written  so  as  to  preserve 
the  artiad  character  of  the  element : 

Sulfur  sesquioxid, 

0=S^  S-O-S  ,0. 

S,0,,  >0,      I  I  ,     SC      >S  =  0  (sulfur  sulfite). 

o=s/      0 0      \o/ 

Sulfur  peroxid, 

0        0  00' 

II  II  II  II 

SA .     0=  S  -0-  S  =  0,     0=8  -0-  8  =  0. 

0  0  0 0 

8ULFUR0U8   OXID    (SULFUR   DIOXID). 

Formula  SO9.  Molecular  weight  64.  Density  32.  Liter  weighs  2. 87 
grams. 

Occurrence. — Sulfurous  oxid  occurs  in  volcanic  gases  and  in  the 
waters  of  certain  volcanic  regions.     It  is  produced  in  considerable 
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quantity  in  cities  from  the  sulfur  found  in  coa!,  but  is  quickly 
oxidized  to  sulfuric  acid,  so  that  the  air  contains  only  traces  of  it 

History. — Sulfurous  oxid  has  been  known  from  remote  times, 
since  it  is  produced  by  burning  sulfur.  It  is  mentioned  by  many 
ancient  writers,  and  its  disinfecting  powers  were  known  to  the 
Romans.  It  \\i\a  long  supposed  to  be  identical  with  sulfuric  acid 
until  Stahl  ]>roTed  it  to  be  a  distinct  substance.  In  1775  Priestley 
separated  and  collected  the  pure  gas. 

Preparation, — Sulfurous  oxid  is  prepared: 

1.  By  burning  sulfur  or  sulfur  compounds  in  air  or  oxygen  : 

S  +  Oa  =  SOa;     n,S  +  30  =  HaO  +  SO,. 

2.  By  the  decompasitiun  of  sulfuric  acid  when  it  is  heated  with  carbon 
or  sulfur  or  metals  such  as  copper,  silver,  mercury,  and  zinc : 

C  +  2ir,S04  =  211,0  +  COi  +  2S0«. 
S  +  2H,S04  =  2H,0  +  3S0,. 
Cu  +  2IUSO4  =  CUSO4  +  2II1O  +  SOi. 

3.  By  the  action  of  acids  upon  sulfites : 

NfuSO,  +  2HC1  =  2NaCl  +  H.O  +  SO^ 

4.  By  heating  sulfur  with  the  oxids  of  lead,  mercury,  manganese,  me, 
etc.: 

2PbO  +  3S  =  2PbS  +  SO,. 

When  sulfurous  oxid  is  prepared  by  burning  sulfur,  a  little  SO, 
is  formed  at  tlie  sjinio  time  and  this  makes  the  gas  cloudy. 

For  hiboratory  purposes  sulfurous  oxid  is  most  conveniently 
preiJjired  iis  follows:  Pliice  bits  of  copper  in  a  flask  furnished  with 
safety-  and  deli  very- tubes,  add  enough  sulfuric  acid  to  nearly  cover 
the  copper  ami  heat.  When  the  gjis  begins  to  come  off,  the  lamp 
should  l)e  reinm-ed  or  the  action  will  be  too  violent.  The  gas  is 
collected  by  displucement  of  air  or  over  mercury. 

Physical  Properties — Sulfurous  oxid  is  a  colorless  gas  with  a 
sour  taste  and  the  familiar  suffocating  odor  of  burning  sulfur.  Its 
speeilic  irravity  is  2.22.  It  dissolves  readily  in  water  to  form 
sulfurous  iieid:  SO,  +  11,0  =  H^SO,.  The  quantity  of  the  gas 
absorbed  dejiends  upon  the  temperature  and  pressure,  and  the 
solution  inorejises  in  volume  as  it  increases  in  strength.  This  is 
illustrated  in  the  following  table: 
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Tcinperahire.  1  Vol*  Wftter  dia^  1  Vol.  of  Bolulkjn 

0*,.. ,.  t&.7dYok  mM  vols. 

20° <,.., 39.ST    ^*  MM    " 

40',- -,....,.•   18.77    "  tT.O!    ** 

100\,,., .,.      a  0 

re  40®  the  quantity  dissolved  varies  as  the  partial  pi^ssure 
of  the  gas.     The  heat  of  solution  is  7700  oah 

Under  a  pressure  of  one  aud  a  half  atmospheres  at  0^  or  at  ~  10** 
nuder  ordinary  pressure  iulfurous  oiid  condenses  to  a  colorless 
mobile  liquid  of  specific  gravity  1,45 » which  boils  at  —  8*  and  becomes 
a  white  crystanine  solid  at  —  1'ii'\  Its  critical  temperature  is  155*4^ 
and  its  critical  prcesure  is  76.9  utinospheres*  The  vapor  t^nsiou  at 
—  10*  ia  702  mm.  and  at  0°  is  1L05  mm,  of  mercury.  When  the 
liquid  k  placed  in  vacuo  its  tempemture  sinks  to  —  76''  and  it 
froeKas  by  its  own  evaporation.  The  he^it  of  vaporization  at  0'^  is 
91.2  caU 

UluitTAtiotia.^Thd  aolubillty  of  sulfuroiis  oxid  may  be  shown  by  invert* 
log  £1  cylitjder  of  the  gas  over  water.  The  water  rises  m  the  gaa  di^olves. 
To  obUiin  U(inid  salfiirous  oxid  let  the  gas  pfiss  through  sulfuric  acid  to 
dry  It  and  the!)  mto  a  U  tithe  which  is  stirrounded  by  a  mixture  of  lee  and 
salt.  It  may  \m  kt^pt  in  sealed  glass  tubes  or  in  strong  tnhes  witb  close- 
fitting  stop-oocks* 

To  show  the  great  cold  produced  by  its  evapo ration  pour  some  of  the 
liquid  upon  a  small  globule  uf  mei-tjury  in  a  elay  crucible  and  blow  over  it 
a  currffDt  of  air:  the  mercury  is  froseen.  Pour  some  of  the  liquid  on  a 
little  water  iu  a  dis!i :  the  wjiter  is  frozen. 

Chemical  Properties* — ^Sulfurous  oxid  acta  vigorously  with 
tinmerous  ehctuiciil  compounds.  Altbongh  it  does  not  burn  and 
does  not  mipport  ordinary  combustion,  it  is  still  both  an  oxidising 
and  a  rc^ducinje:  a^ent.  Motals  such  m  potassium,  tin,  and  iron  burn 
when  heated  in  it  to  sulfids  and  oxids,  and  it  nnites  directly  to  the 
metallic  oxi^ls  and  poroxjds  to  form  sulfids  and  sulfates,  and  with 
chloHn  to  form  Bulfnryl  chlond,  S0,C1^*  It  is  reduced  by  hydrogen 
snllid,  hydrogen  phosphid,  and  the  haloid  acids  in  the  presence  of 
moisture.  It  reduces  water  in  the  presence  of  the  halogens,  forming 
the  haloid  add  and  sulfuric  acid: 

SO,  +  211,0  +  CI,  =  2HC1  +  n,so,. 

_In  the  case  of  iodin,  nnless  the  acid  is  kept  very  dilute,  the  reverse 
lion  takes  place : 

U,m,  +  2111  =  :2ll,0  +  I,  +  SO,. 
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It  bleaches  because  of  its  reducing  action,  takes  oxygen  from 
water,  becoming  SOj  and  then  II,SO^,and  the  nascent  hydrogen 
reduces  the  coloring  matter  by  taking  its  oxygen.  It  8onLetime& 
seems  to  unite  with  the  coloring  matter,  and  tlie  color  is  restored  by 
alkalies  and  weak  iu^ids.  In  most  eases  the  bleaching  is  temporary 
and  tlu*  color  gradually  returns. 

Sulfurous  oxid  is  decern jiosed  by  bright  light,  by  the  electric 
spark,  and  bv  beini;  heated  to  T^UO':  3S0,  =  ^SO,  +  S.  If  a  beam 
of  electric  ligiit  be  jnissed  through  a  tube  of  the  gas,  it  becomes 
cloudy  in  a  few  minutes  because  of  this  decomposition.  When  the 
tube  is  removed  from  the  light,  the  SO,  is  re-formed  and  the  cloud 
disappears. 

'i'he  formation  of  sulfurous  oxid  is  strongly  exothermic,  as  is 
indicated  by  the  thermal  equations: 

(S,O.J  =  71,()00  cal.  (SO,,A(i)=r,700  cal.  {S,0,,Aq) =78,700 cal. 

lUustrations.—Tiie  rcMluciug  action  of  sulfurous  oxid  may  be  shown  by 
passing  it  thr(>u«^ii  an  infusion  of  purple  cabbage,  rose-leaves,  or  litmus. 
Till'  color  is  <liscluirged,  but  is  restored  by  adding  sulfuric  acid.  It  also 
decolorizes  ;i  solution  of  potassium  permanganate. 

To  show  the  oxidizing  action  pass  the  g!is  through  a  tube  containing  ft 
little  reduced  iron  or  a  piece  of  sodium.  Gently  warm  the  tube,  and  the 
metal  burns  in  the  gas. 

To  .show  its  union  with  peroxids  pass  the  gas  over  some  lead  peroxid  in 
a  tuhe,  or  .sprinkh*  sodium  peroxid  in  a  jar  of  the  gas. 

Physiological  Properties.  -  -Sulfurous  oxid  is  a  sbifling,  poison- 
ous iras  \vlii("h  ean  bo  bn-aih^d  only  in  the  smallest  quantities.  It 
is  a  baeteriride  and  aiuiseptie.  The  solution  taken  intenmlly  has 
incdieiiial  elTects. 

Tests Snll'nrous  oxid  is  reeoLniized  by  its  odor  and  by  its  turn- 

iii.ir  paper  blue  wliieli  has  been  moistened  with  a  solution  of  potas- 
sium iodate  aiMJ  starch : 

'iKiO,  -i-  Hr.^0  +  580.^  =  5K,S0,  +  4H,S0,  +  I,. 

Uses. — Sulttiroiis  oxid  i>  us.mI  in  many  manuf tie tures,  especially 
for  siilt'iirii*  a.'i<l.  sidfatfs,  and  stdfitos.  It  is  employed  for  bleach - 
iML^  materials  wbirli  an*  injured  by  ehlorin,  such  as  straw,  silk,  wool, 
aiul  s])0Tii:e.  It  is  ii.ed  as  a  ro«lnciii^  agent  in  laboratories,  as  a 
])rc.-ervativo  nf  I'mits  and  vej:et<d)les,  and  as  a  disinfectant.  Asa 
preservative  it  is  neither  ^^eod  nor  wholesome. 
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StTLFTElC   03tlO   (SULFUR  TEIOXIB), 

FornJulA  SO**  Molecular  weight  80.  Dt^iisily  40,  Specifio  gravity 
M)4  Jit  10% 

Preparatdoji. -^Sulfuric  o^cid  may  be  prepared  in  the  fQllowing 
ways: 

1,  By  the  action  of  oxygen  and  ojtidizing  agents  upon  snlfurous  ox  id: 

SOi  +  0  =  SO,;     SOi  +  N0«  =  B0»  +  NO, 

2.  By  bearing  disolfurie  acid  and  diaul fates  : 

HsBiOf  ^  lUSO,  ^  80j;     Na,SiOt  =  Na^SO*  +  SOi. 
$.  By  ttie  aotion  of  phcfipborui  pentoxid  upon  sulfano  acid  : 

p,o,  + 11,80,  ^  'inpoi  +  so,. 

In  the  laboratory  sulfuric  oxid  may  be  conveniently  prepared 
bv  beating  disulfuric  acid  and  conducting  the  vapors  into  a  well 
coo  If  Hi  and  jierfGotly  dry  receiver. 

1 1  ig  also  obUuned  by  pairing  a  mixture  of  oxygen  and  dry  buI* 
fnrousoxid  throiigb  a  hot  tube  containing  platinum  sponge  or  plat- 
inized asWstns»  and  condensing  the  oxid  in  a  dry  receiver.  This 
method  rs  DOmtnerciaL  The  mixed  g^es  are  obtained  by  drop- 
ping sn  I  furio  acid  into  a  red-hot  retort  of  platinnm  or  eartbenwarCj 
the  iw^id  being  decomposed  as  follows:  H^SO^  =  11,0  +  SOj  -j-  0, 

The  ga^ei?  are  passed  througii  condensers  and  over  coke  moist- 
ma^l  with  jiulfuric  acid,  wliereby  the  water  ia  removed,  and  finally 
over  platinuiMl  a^bogtus  contained  in  gbized  eartlieuware  pipes* 

Pb3rsical  Properties, — Above  lO"*  sulfuric  oxid  is  a  colorless 
mobile  liquid  wlucli  boils  at  46.3''  and  h*^  a  specific  gravity  L94  at 
16^.  Tbo  liquid  \%m  a  very  high  rate  of  eipauBton,  tbe  coefficient 
boiug  0,0027  for  temperatures  between  25**  and  45°-  At  lower 
t-  'jres  it  Is  a  solid  which  crystallizes  in  white  silky  needles 

u\  at  14,8°. 

Cliemical  Propertiea,— Sulfuric  oxid  fumee  strongly  in  the  air 
III  '  "  -  Ives  in  water  with  a  hissing  sound  to  form  II^SO^,  Its 
ot  (  fi>r  water  i&  so  strong  that  it  dehydrato  organic  matters, 

iMVing  them  charred.  It  bums  the  skin  and  is  an  aotive  poison, 
With  niiHals  it  forms  snlfidi*  and  oxids*  and  with  oxids  of  metals  it 
fornix  mi\hi\m.     At  red  heat  it  dissociatcB  into  SO,  and  0.     It  is  a 
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nuuconductor  of  electricity  uiid  is  not  decomposed  by  the  electric 
sjMirk.     It  dissolves  sulfur  to  form  8,0,. 

The  forma  tiou  of  sulfuric  ox  id  uud  its  solution  in  water  are 
both  strongly  exothermic^  as  is  sliowu  by  the  following  equation: 

(SA)  -  71.000  cal.     (SO^.O)  =  32.200  cal.    (S,0,)  =103,200  cal. 
(SO,,  Aq.)=30,l()0  cal.    (S,0„  Aq.)  =  142,400  cal. 

Sulfur  l)urii.s  to  S( ),  instead  of  SO,,  furnishing  an  exception  to 
the  rule  that  that  combination  is  fonncd  by  which  the  most  heat  is 
ovolvcil.  This  is  explaino<l  on  the  supposition  that  the  formation 
of  SOj  is  very  slow  while  that  of  SO,  is  rapid.  Finely  divided 
platinum  acts  catalytically  to  accelerate  the  formation  of  SO,. 


siLFru  SESgUIOXID. 
Formula  ^'A>i.    Molecular  weight  113. 

Preparation — Sulfur  s<'squioxid  is  best  prepared  by  the  union  of  snlfor 
and  sulfuric  oxid.  Woll-driotl  tiowera  of  sulfur  are  added  by  littles  to 
frt'shly  prcparetl  sulfuric  oxiil  in  a  tcst-tul)o  immersed  in  cold  water.  Ai 
ilio  Muc  limps  an*  formtul,  tlic  tube  is  tilted  so  that  tbey  adhere  to  its  sides. 
Winn  iMiou«;li  luis  bei'u  fonui'd.  th»^  excess  of  SOi  is  poured  off  and  the  res- 
\k\\w  ivap««r;iiril  away  at  a  ttinprraturr  not  al)ove  35*.  A  blue  solution  of 
\\w  >.  >'i  r."\!«l  i>  ol'tainr.l  hy  luMiiiii:  >u]fur  with  disulfuric  acid,  HaSj)?. 

Properties.  Sulliir  >»  siiuii».\id  is  a  niahicliite  green  crystalline  solid. 
It  isui>;aMi'.  tlt'fi»nipi»iiii:  slowly  In  the  air  and  rapidly  when  heated,  yield- 
in^'  SO;  and  S.  It  actfN  viu'or«)usly  with  water,  forming  several  aciils  of 
.-li'.fu:- aii'l  fiv»*  sulfur.  It  dissolves  in  sulfuric  and  disulfuric  acids,  but 
liOt  in  >iilfiiric  oxid. 

rKKsiLiritu'  oxin  (.<T*LFrn  pkroxid,  sulfur  heptoxid). 
Konnula  S.Ot.     Molecular  weight  176. 

Preparation.-  IVr-ulvirie  uxid  is  formed  by  the  silent  electric  discharge 
!:.:■  .jii  .1  :i;;\'  :rit'fS«».  ui"  Si'^  wiih  oxyi;cn.  A  solution  is  obtained  by 
v.'i.w  >\.:.'.\.z  «i-.l  ::e  >n/.\\\'w  ai-.d  ,:>.">  jut  ctMit  H^SO*).  or  by  adding  aqueous 
l.v.lr.O'^i  I'-r.-x.-l  Tu  >:riML:Iy  t'H-'UhI  sulfuric  acid. 

Properties. -r.:>ii'f.rii'  .»\:«1  is  an  oily  liquid  which  at  0"  solidifies  in 
tr.i:--:' c:  :  ■  r- •  '.■.•->:!ap'^'l  i".-ysTa!s.  It  is  unstable  readily  decomposing 
:••..-.!::;:■  -x. '.  .i:.i  •xyjc:;.  a'.d  is  a  p'>werful  oxidizer.  It  dissolves  in 
v.iT,  r.  f  •: M.:!  z  ''rs:  ]>■  rsu'.furic  acid,  HSO4,  which  immediately  dissociates 
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ACIDS   OF  SULFUR, 

Sulfur  acts  with  all  its  valences  to  form  three  regular  acids  a& 
follows: 

H— Ov 
Hyposulfurous  acid  (Ortho),       H,S"0,  >S 

H— 0'^ 

H— 0. 
Sulfurous  acid  (Monometa),       H,S^O,  >S  =  0 

H— O/ 

Sulfuric  acid  (Dimeta),  H,S^'0,  )St 

H— 0^  ^0 

Two  other  acids  are  obtained  by  the  union  and  condensation 
of  two  molecules  of  sulfuric  acid,  a  molecule  of  water  being  taken 
away  in  the  first  case  and  a  molecule  of  hydrogen  in  the  second: 


Sulfuric  acid  tr  a  r»  H— 0^  ^0 

>< 


(two  molecules),  ^♦*'»"«  H— 0^,      ^0 


Disnlfuric  acid  tt  q  n  ^^       *^ 

(H,0  removed),  ^•°»"'  0      ^0 

H— C^  ^0 
H— 0^  '^O 


Persulfuric  acid  Hi^SjOg 

(H,  removed), 


There  is  a  mixed  acid  which  may  be  supposed  to  be  derived 
from  sulfuric  acid  by  replacing  one  of  its  linking  atoms  of  oxygen 
by  sulfur: 

H-O.       .0 
Thioanlfuric  acid,  H,S,C,  >Sf 
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In  another  series  of  compounds,  called  thionic  acids,  each 
molecule  contains  two  or  more  atoms  of  sulfur.  While  the  stmo- 
turc  cannot  be  stated  with  certainty,  the  following  formulas  are 
approximately  correct: 


Dithionic  acid. 

H,S,0. 

H    0— SO, 

H    0    SO, 

Trithionic  acid. 

H,S.O. 

H    0    SO,. 
H    0    SO,/ 

Tetrathionic  acid. 

HAO. 

H    0— SO, 
H    0— SO,/  ' 

Pentathionic  acid, 

H.S.O. 

H— 0— SO,. 
H    0    SO,/  * 

The  acids  of  sulfur  are  all  dibasic,  with  the  possible  exception 
of  persulfuric  acid,  and  form  acid,  normal  and  double  salts. 
They  are  all  liquids  and  mix  with  water  in  all  proportions.  They 
yield  two  sets  of  ions  as  one  or  both  atoms  of  hydrogen  may 
separate.     From  sulfuric  acid,  for  example,  we  have: 

U,SO,  =  II'  +  ir  +  Sb\    or     H,SO,  =  H'  +  HSOV 

HYP0SULFUR0U3    ACID. 

Forraulji  IlaSOa.     Molecular  wei|?ht  60.     Density  (probably)  88. 
Preparation. — llyposulfurous  acid  is  formed: 

1.  \\\  the  action  of  metals  (Zn,  Fo,  Sn)  upon  sulfarous  acid,  the 
nascent  liydro^^en  sot  free  by  the  action  of  tlie  metal  upon  a  portion  of 
the  acid  reducing  anotlier  portion  so  that  no  hydrogen  is  evolved  : 

2II,S0,  +  Zn  =  ZnSO,  +  n,0  +  H,SO,. 

2.  By  the  action  of  sulfuric  or  oxalic  acid  upon  sodium  hyposulfite  : 

H.SO.  4-  XauSOa  =  Na.SO*  +  H.SOa. 

A  solution  is  easily  obtained  by  adding  dilute  oxalic  acid  to  a  solution 

of  a  hyposultite  (NallSO,). 
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Properties.  — Ilyposiilfurons  acid  h/is  not  been  obtained  fre© 
from  water  uud  other  impunties,  Tlie  solution  hii^  an  omnge-yel- 
low  color,  r<?diiee5  und  bleaches  powerfully,  iind  duconi poses  qniekly^ 
yielding  first  thiosulfnnc  achl  ami  finally  sulfurousoxid,  sulfur  and 
wuter:  -II^SO^  =  2H,0  +  80,  +  S. 

Hyposulfites*~Tlie  hyposullttes  am  eomewhat  more  stable  than 
Uie  acid.  Only  a  fow  of  them  have  boen  prepared,  Biich  as  the  add 
and  imrmid  sodium  suits,  XiillSO,  and  Nri,SO,,  These  must  not 
be  coufouttded  with  tlie  commeruial  Ijyposalfltes,  which  are  salts  of 
ill iosulf uric  atid  :  11,8/-),* 
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8ULFUR0US   ACID, 
Fr*rinub  H,SOi.    Moiocular  weight  8S.     Density  (probably)  41, 

Freparadon* — Sulfumus  acid  is  formM  by  the  union  of  sulfur- 
011S  oxid  with  water;  SO,  +  Ufi  =  11,80^.  It  is  therefore  a 
prodnr't  of  any  reaction  by  wliich  SO^  is  formed  in  the  presence  of 
rni»i^tiJre* 

Properties.^Sulfnrous  aeid  has  not  been  obtained  free  from 
ater.  It^  solution  is  CM^lorless  and  adid,  and  has  the  odor  of  sulfur- 
oxid.  When  cooled  to  0**  the  cryslaUine  hydrate,  H^SO,, 
811,0,  separatee.  Other  crj'ohydratee  have  been  obtained  with 
€,  10,  and  14  moleculei  of  water  respectively, 

Bulfurons  aciil  is  unistable,  readily  giving  off  SO,  when  warmed, 
and  losing  the  whole  of  the  ga^  at  100*^.  On  exposnre  to  afr  it 
gradnally  ab&orba  oxygen  and  becomes  H,SO^.  It  ia  decomposed 
liy  rrmriy  reagents  with  the  formation  of  polythionie  acitb,  It  is  a 
reducing  agent  ami  poss^ses  in  general  the  properties  of  ROj,  It« 
total  heat  of  formation  is  147.624  calori®^.  It^  dissociation  is 
«niall  and  th**  solution  contains  mainly  the  hydrosulfite  ion  HSO/. 

SnlfiteSi— The  alkaline  sulfites  are  formed  by  passing  SO, 
tbrongh  solutions  of  alkaline  hydroxide,  and  are  easily  soluble  in 
water.  When  the  ox  id  is  in  excess  tlie  acid  ialt  is  formed,  and 
wh^Ti  ibc  hvdroTid  is  in  excess  the  normal  salt  i«  obtained;  KHO 
+  ^O^  ^  KlIRO,.  2KH0  +  SO,  =  11,0  +  K,80,.  Most  enl- 
fit!-*  an*  d**comjioaiHl  by  sulfuric  acid  with  evolution  of  SO.,  which 
]g  recognizi^l  by  its  odor.  They  [|ive  with  barinm  ehlorid  a 
whiti^  precipitate  which  is  soluble  in  hydrochloric  acid. 

Disulfuroiis  Acid,  HjS^O,,  aiid  dtsulfites  have  been  prepared. 
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SULPURIC    ACID- 

Formula  HaSO*.    Molecular  weight  9H.    Specific  gravity  1.854  at  O'* 

History,  — Sulfum  acid  seems  to  have  been  known  to  the 
Arubiau  philosopher  Geher  in  the  eighth  centikry.  Umll  Valentine 
prepared  it  from  ferrous  sulfate  or  green  vitriol  in  the  tifteenth 
con  tu  ry ,  an  J  it  was  cal  led  o  il  of  vH  r  io  L  The  man  ii  f  ac  tu  re  of  th  e 
acid  began  in  England  early  in  the  eighteenth  century  by  methods 
not  very  different  from  thoae  now  used,  Ita  compOBition  was  doter- 
mined  by  Lavoisier- 
Occurrence.— Sulfuric  acid  occors  free  in  small  quantities,  certain 
riyers  and  Bpriugs  in  yolcanio  regions  containing  from  0.1  to  0.5 
per  cent  of  it.  It  ia  abundantly  represented  by  native  sulfates,  the 
more  important  of  which  arc  the  alums  (sulfates  of  aluminum,  with 
potassium  and  other  metals),  barytes  (barium  Bulfate)^  gypsum 
(calcium  sulfate),  copperas  (iron  sulfate) j  Epsom  salts  (magnesium 
sulfate),  culustite  (strontium  sulfate)* 

Preparation, — Sulfuric  acid  is  formed  by  many  chemical  proc* 
esseSj  among  which  the  most  important  are: 

1*  By  direct  anion  of  SOi  with  water  or  SO^  with  hydrogen  peroxid  : 

2,  By  heating  ferroas  sulfate  ia  the  presence  of  water: 

FeSO*  +  H,0  =  PeO  +  H^SO^, 

3.  By  the  oxidation  of  sulfur  or  sulfurousoxid  in  the  presence  of  water 

SO,  +  O  +  HaO  =  HiSO,. 

Manufacture  of  Sulfuric  Acid. — For  tlie  commercial  mann- 
factare  of  sulfuric  acid  the  third  method  is  used.  The  sulfuroua^ 
oxid  is  obtained  by  burning  sulfur  or  iron  pyrites  (FeS,),  and  is 
oxidized  by  nitric  acid  to  sulfuric  oxid,  which  in  turn  unit€s  with 
water  to  form  sulfuric  acid*  The  chemical  reactions  are  complicated 
and  probably  do  not  always  take  place  in  the  same  way.  They  may 
be  represented,  however,  as  follows: 

t.  Nitric  acid  h  decomposed  by  snlfurons  ox  id  with  form  at  ion  of  sul- 
furic acid  and  Hbemtion  of  nitro^u  dioxid  (or  nitrogen  trioxid): 
SO,  +  3HN0>  =  B,SO*  +  8N0,. 

S.  Nitrogen  dioxid  with  water  oxidizes  the  aulftirous  oiid  to  aulfurio 
acid  and  is  itseU  reduced  to  nitrogen  monoxid  : 

SOt  +  N0»  +  H,0  ^  n,SO*  +  NO, 


• 
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a,  Tbo  oxygen  of  the  air  oouverts  NO  back  mto  NOt  or  NiO»: 
NO  +  O  ^  NO,     Qf     2H0  +  O  =  N,0.. 

TI16  process  is  continuous.  The  nitric  acid  acts  as  a  carrier  of 
the  oxygen  of  the  air  and  in  not  itaolf  comumed.  The  water  is 
intrCMihiL'ud  m  steam* 

If  the  supply  of  water  is  not  aufficieut  a  while  solid  ciystalliue 

compound  b  formed  which  may  be  regarded  as  eitlier  nitro-sulfonic 

H—Ov      .0  11— Os.     /.O 

acid,     ^SC  ^»  OT  nitroB^l  sulfuric  acid,^     _     ^  x^^^.     On 


^8^    ,  or  nitroBjl  sulfuric  acid,^ 

the  addition  of  more  water  tliis  is  immediately  decomposed  into 
sulfcirio  acid  and  Ditrogen  tiioiid: 

^  o,nXo  +  "'*^  =  'h_o><o  +  ^'«'- 

III  pfsctioG  the  sulfuric-acid  plant  consists  essentially  of  a  farnace  for 
burniuj^  the  sulfur  or  pyrites,  a  series  of  leaden  chainl)ers,  and  two  towers. 
After  the  gm  leaves  the  furnace  mixed  with  an  abnn dance  of  air,  it  is  eon* 
dxioted  through  what  is  called  the  Q lover  tower.  This  is  filled  with  frag- 
meiitfi  of  fire*brick,  o^er  whieh  are  made  to  flow  the  liquids  from  two  vessels* 
one  cotitainingf  the  nitroao  sulfuric  acid  from  the  Gay-Lussac  tower,  and 
the  other  waC^r  or  dilute  s^ulfunc  aeicL  By  the  dilution  of  the  nilroso  acid 
the  ox  ids  of  nitrogen  are  set  free  and  act  upon  the  sulfurous  o3tid.  At  the 
aame  time  the  hoi  gas  vaporizes  the  water  and  causes  a  conceatmtion  of 
the  »cid»  which  eoilects  at  the  Ix^tlom  of  the  tower.  The  residual  gases 
[Utta  00  through  the  chambers,  where  they  come  in  contact  with  steam  and 
more  Ditrous  fume^  (generat*3d  by  heitting  vesaels  which  contain  sodinm 
nitrate  and  sulfuric  acid),  until  they  finally  reach  the  Ga^LusMm  tower  at 
ibe  end  of  the  series,  consisting  mostly  of  atmospheric  nitrogen  and  oxids 
of  nitrogen.  This  lower  is  tillod  with  coke,  over  which  concentrated  snl- 
fiirJc  acid  is  made  to  tlow*  Tliis  acid  absorbs  the  nitrogen  oxids  and  col- 
laeta  at  the  bottom  of  the  tower  as  the  saturated  nitroso-sulfuric  acid 
which  ii  used  in  the  Glover  tower. 

When  the  chamber  acid  haa  a  speclfte  gravity  1.5  (60J0*  it  is  drawn  off 
(because  above  this  it  alisorbs  nitrous  fumes)  and  concentrated  in  opeE 

Um  pfum  until  the  specific  gravity  is  1 :7S  (^O^f).   A  stronger  acid  attacks 

loafi,  and  so  the  evaporation  is  continued  in  platinum  Btills. 

Sulfuric  add  is  ako  nmnufactur^  by  what  is  called  the  eon- 
fad  method,  Sulfurous  oxitl  and  air  are  passed  over  a  heated  cata- 
l3rBer  puch  m  finely  dividefl  platinum  or  ferric  oxicK  The  oxygen 
of  the  air  oxidises  the  yOj  to  S0|  and  this  is  conducted  into  water 
to  form  H^SO^. 
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A  comparatively  pure  acid  is  obtained  from  the  comniercial 
article  by  distillin;^  it  from  platinum  vessels.  An  aqueous  solution 
first  distils  over  and  the  temperature  rises.  At  330**,  when  about 
one  third  has  j^jwsed  over,  the  distillate  has  a  si)ecific  gravity  1.84 
at  15°,  and  contains  only  2  per  cent  of  wat<?r.  This  distillation 
docs  not  remove  ai-senous  oxid,  as  it  is  vohitile  and  much  of  the 
so-called  pure  acid  of  commerce  contains  arsenic. 

lUustrations.— Add  a  few  cc.  of  IlaOa  solution  to  a  cylinder  of  SOi. 
That  sulfuric  acid  is  formed  may  be  showu  by  precipitating  with  barium 
chlorid. 

The  reduction  of  nitric  acid  may  be  shown  by  dropping  into  a  jar  of 
sulfurous  oxid  a  stick  or  «;lai^  rml  which  has  been  dipi^ed  in  strong  nitric 
acid.  Red  fumi'S  of  X<)a  or  XaOa  fill  the  jar  at  once,  but  soon  disappear, 
being  reduced  by  the  S(  >a  to  X(>,  wliich  is  eolorlcss.  In  a  few  luinutes  the 
wall  of  thejarbt'comeseowred  with  white  crystalline  nit rosyl  sulfuric  acid^ 
On  adding  water  thr  crystals  dissolve  with  effervescence  and  the  red  fames 
reappear.     Thi;  water  in  the  vessel  will  be  found  to  contain  sulfuric  acid. 

Physical  Properties. — Sulfuric  acid  is  a  colorless  oily  liquid 
nearly  twice  as  heavy  as  water,^  If  the  concentrated  acid  be  strongly 
cooled, crystals  of  anhydrous.  Ho^O^,  are  formed  and  may  be  separated 
from  the  lifpiid  by  a  centrifniral  machine.  This  solid  melts  at  10.5°, 
yieldin;^^  a  C(»lorless  li<inid  which  has  a  specific  gravity  1.854  at  0* 
and  l.s;JT  at  15  .  IxMiiir  a  little  lifrhtor  than  the  acid,  which  contains 
2  i)er  ct'iil  of  water,  wlio.-^e  specific  gravity  is  1.842  at  15**.  The 
anhydrous  acid  \m\\  he  cooled  below  zero  without  solidifying,  but 
if  it  he  shaken,  or  if  a  crystal  of  the  acid  be  added,  it  becomes  solid 
at  once.  The  prc.-ence  of  even  a  small  quantity  of  water  lowers  the 
freezinix-  and  nielling-i)oint  to  zero. 

Sulfurir'  jiciil  does  not  boil  at  a  constant  temperature.  When 
heated  it  fiiMie^  at  40  ,  and  be;rins  to  boil  with  decomposition  at 
2iK)  .  As  the  hoilini::  continues  the  tenii>erature  rises  to  338^,  at 
which  point  then^  is  coni]>lete  dissociation  into  SO,  and  11,0.  At 
this  temperature  the  residue  contains  1.5  per  cent  of  water,  and  is 
tile  stron^nst  acid  wh.icli  can  be  obtained  by  distillation.  The  acid 
of  this  strcML'tli  is  ohiainecl  by  l)oilin<:r  either  the  dilute  acid  or  the 
acid  contMJTiinL'  SO.,  in  solution.  Because  of  its  decomposition  the 
density  of  the  acid  cannot  be  experimentally  determined.  Its  re- 
actions, ]i(»W'V.i\  its  derivatives,  and  its  specific  heat  point  to  the 
formula  IL^O^  and  the  density  \\K 
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Sulfnric  acid  is  a  conductor  of  electricity  and  an  electrolyte*  Its 
specific  heat  is  0.355  Hud  its  molecular  heat  34,79.  The  ipecifio 
gtttTity  of  the  flqiieoii^  acid  varies  between  siich  large  limits  that  it 
afforda  a  convenient  means  of  deteriDiniug  die  percentage  of  acid 
io  atjy  solution.  The  specific  gravity  is  taken  with  a  hydrometer 
and  the  strength  of  the  acid  i*ead  from  a  table  prepared  for  tlie 
porposf^* 

Chemical  Properties, — Sulfuric  acid  is  unstable^  easily  reduced^ 
and  cht^niically  very  active.  It  dissolves  all  the  metals  except  goM, 
ptatinym,  iridiuni,  and  rhodium.  It  is  able  to  eipel  most  of  the 
acids  from  their  salts,  and  hence  is  used  in  their  manti  factnre ;  for 
example:  eXaCI  +  IT.SO^  =  Xa.SO^  +  2nCL  It  dissociates  at 
r^d  beat  as  follows:  11,80,  —  BO,  +  H,0  +  0,  and  may  thns  be 
used  m  a  source  of  03tygen*  the  SO^  being  sepamted  and  reconverted 
into  sulfiirio  acid  to  be  used  again.  It  is  also  reduced,  yielding  the 
dioxid  when  heated  with  carbon,  phosphorus,  sulfur^  and  some 
metals  (Hg,  Cu).  It  chars  organic  matters  by  extracting  water 
from  til  cm. 

Sulfuric  acid  has  a  strong  attraction  for  water.  It  takes  moisture 
fiom  the  air,  diluting  and  inereaijing  in  volume.     It  is  a  powerfnl 

iccating  agent,  and  is  ustd  in  drying  air  and  other  gases.  It 
i3cc*§  with  water  in  all  pro|>ortions  evotvinir  much  heat  and  dimin- 
ia!iTng  in  volume.  The  greatest  beat  and  the  greatest  li^sening  of 
^olufiH*  ocf^ur  when  the  acid  an  J  wat<^r  are  mixed  in  the  proportion 
tif  H  jSO^  to  ^H,0.  The  contraction  is  about  eight  per  cent,  and  the 
tetn}icrature  rbes  above  100**,  This  is  the  ortho  acid  HuSOfl  which 
lias  a  specific  gravity  L655^  It  may  akn  he  fnrmet!  by  evaporating 
the  dilute  Hohition  at  100^.  The  monometa  acid  U^^\  is  obtained 
by  cooling  to  zero  a  mixture  of  the  acid  and  water  in  the  pro- 
portion H jS(  \  to  HjO.  It  separates  in  prismatic  crystals  of  specific 
.gravity  L7H  and  boiling-point  7.5, 

Sulfuric  acid  yields  two  colorless,  negative,  active  ions,  the 
valent  sulfate  ion  SO/'  and  the  univalent  hydrosulfate  ion  H80/, 
le  stpmg  acid  contains  niainly  the  latter,  but  as  the  acid  is 
diluted  this  ion  difim>ciate3  into  H"  and  SO/'.  The  d^ree  of  dis* 
9r>eiatioii  is  al>oitt  a.^  f*illows:  In  the  twenlieth  normal  acid  62  per 
rent,  m  the  two  hundroiUh  nornml  S.i  per  cent,  in  the  th^e€^  hun- 
iii^lh  Qormal  89  per  centp  in  the  one  thousandth  normal  97  per 

"      Tlie  dLsaoriation  is  complete  only  when  a  mol  of  the  acid  is 

tincd  in  about  2<HKI  liters  of  water.     Tlie  strength  of  sulfuric 
s  about  half  ttiat  of  hydrcK-hlnric  acid. 
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Tlie  heat  of  formation  of  sulfuric  acid  is  shown  by  the  following 

equations: 

Heat  of  formation  from  H,0  and  SO,,  (H,0,SOJ  =  21,320caL 
Iltat  of  fonnaiion  from  the  elements,  (H,  ,S,  OJ  =  192,920caL 
Heat  of  solution,  (II,SO^,Aq.)     =    17,800cal. 

Total  lu-at  of  formation  and  solution,  (H,  ,S,0^  jAq.)  =  210,720  cal. 

niustrations.— To  show  the  action  of  sulfuric  acid  : 

a.  Dip  a  ajiI inter  of  wood  into  the  strong  acid:  it  is  charred  at  once. 

6.  Write  with  the  dilute  acid  upon  paper  with  a  brush  or  the  finger  and 
warm  over  the  lamp.  As  the  water  evaporates  the  acid  concentrates  and 
presently  the  letters  appear  by  the  blackening  of  the  paper. 

c.  Place  in  a  beaker  a  graru  of  sugar  and  just  enough  water  to  dissolTS 
it  and  add  a  cc.  of  strong  sulfuric  acid. 

To  show  the  contraction  of  a  mixture  of  the  acid  and  water  fill  along 
tube  thn;e  fiftiis  full  of  the  acid  and  add  water  to  nearly  fill  the  tube. 
Mark  tiu;  surface,  tlieu  mix  the  liquids,  and  note  that  the  surface  is  below 
the  mark. 

To  show  tho  Iieat  of  mixture  fill  a  beaker  one  third  full  of  water  and 
pour  in  tlie  acid  slowly,  stirring  with  a  test-tube  containing  ether.  Tbs 
ether  soon  tnnls  and  may  Ije  lighted  at  the  mouth  of  the  tube. 

Its  action  ii|)oii  im-tals  is  shown  by  adding  zinc  to  the  dilute  acid,  or 
by  heat  in;;  copper  with  the  strong  acid.  The  first  yields  hydrogen,  the 
Second  sulfurous  oxid. 

Its  action  upon  salts  is  shown  by  adding  the  strong  acid  to  sodium  chlo- 
ric!.   There  is  a  rapid  evolution  of  hydrogen  chlorid. 

Physiological  Properties. — Sulfuric  acid  is  an  active  corrosive 

2)oison.  It  bums  thi>  skiu  and  chars  the  flesh,  making  distressing 
sores.  When  it  comes  in  contact  with  tho  body  or  the  clothes  it 
should  be  neutralizoil  at  once  with  ammonia. 

Tests. — Sulfuric  acid  is  recognized  by  its  weight,  by  its  carboniz- 
ing action  upon  or^^^anic  l)odies,  and  by  its  forming  a  white  insoluble 
pr(MM])itate  with  barium  chlorid,  IT,SO,  +  BaCl,  =  BaSO,  +  2IIC1. 

Uses. — Hardly  any  other  substance,  except  water,  finds  so  many 
apjjlieations  in  tiio  arts  as  sulfuric  acid.  It  is  used  in  the  manu- 
facture of  nitric,  hydrochloric,  phosphoric,  citric,  and  tartaric  acids; 
of  soda,  phosphorus,  alum,  glucose,  alkalies,  fertilizers,  nitroglyc- 
erine, anil  dynamite;  in  dyeing,  bleaching,  and  calico-printing;  in 
refmiiitr  ])etroloum  and  recovering  ammonia  from  gas  liquors.  In 
the  laboratory  \U  uses  are  manifold.  It  is  one  of  the  most  con- 
venient and  elTective  of  drying  agents,  especially  for  gases. 
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Sulfates* — Sulfuric  acid  is  dibasic  and  girea  acid,  normal  and 
double  salts,  Beaidcs  these  there  are  salts  of  the  ortho  and  monometa 
acidB,  exaraplea  of  which  have  already  hoen  given*  Sulfates  are 
formed  hy  the  action  of  sulfuric  acid  apon  metals  and  their  oxida, 
hydroxide,  and  salts.  They  are  generally  crystalline  solids  and  are 
mostly  aoluhle  id  waten  Barinm  siilfitte  ia  insoluble  in  water  and 
ihe  sulfates  of  lead,  calcinm,  and  strontium  are  gpaniigly  soluble. 

DISULFUBIC  ACID  (PYBOSULFURIO   ACID,  FUMING  SULFURIC  ACID). 

Formula  HtS^OT,  Molecular  weight  178.  Specific  gravity  1,88. 
History, — Fnming  sulfuric  acid  was  originally  manufactured  at 
Kordhaugen  in  the  Hartz,  and  hence  was  called  Nordhau sen  sulfuric 
acid-  It  was  made  by  heating  ferrous  sulfate  or  green  vit^ioU  At 
the  prt*Bent  day  Bohemia  furnishes  the  greater  part  of  the  commer- 
cial acid. 

Preparation* — ^Fuming  sulfuric  acid  is  a  solution  in  varying 
proportions  of  sulfuric  oxid  in  sulfuric  acid.   It  ia  therefore  formed 
whenever  sulfuric  acid  ia  made  with  an  excess  of  sulfuric  oxid.     It 
may  be  prepared- 
ly By  dissolving  sulfuric  oxid  ia  sulfuric  acid: 
H,SO<  +  SO,  =  HiSiOt. 
3.  By  beating  sulfates  aud  pyrasulfatefl  in  the  presence  of  a  limited 
qaanuiy  of  water*    Wbeti  ferrous  sulfate  is  heated  with  free  access  of  air 
it  finst  lo&e«  its  water  of  crystidliaatiou,  then  oxidizes  to  ferric  sulfate^ 
FeitSOiH*  or  the  baaic  ferric  &QUate,  Fc'jSiOi,  and  these  at  a  higher  tem- 
purature  decompose  into  ferric  frioxid  and  sulfuric  oxid: 

F©*(SO*)i  ^  FeiOi  +  mOu     PeAOi  -  FesOi  +  SSO,, 
Tlic  SO»  ia  conducted  into  sulfuric  acid  or  into  water  until  the  80i  is  iu 
The  residue  of  Fe«Ot  is  the  cokoUmr  of  eommerco,  used  as  a  paint 
a  pohshing^  tnaterial 
The  sulfuric  oxid  may  also  be  obtained  from  sodium  disulfate  (formed 
bj  beating  acid  sodium  sulfate)  by  the  action  of  herit  or  sulfuric  iicid : 

SHNiuSO,  =  H,0  +  Ns.SiOf.    NatSaO,  +  USO,  ^  21INaS0,  +  SO*. 

Physical  Properties. — Fuming  sulfuric  acid  is  a  colorlesg  oily 
liquid  of  specific  gravity  LS6  to  1.89.  The  acid  has  usually  a  brown 
color  due  to  ^spendcd  carbon  from  organic  matters  accidentally  in- 
troduced. It  fumea  strongly  in  the  air,  the  escaping  SO,  uniting 
with  moifitnrc  to  fonu  H^SO,*  and  diasolves  in  water  in  all  propor- 
tion*.    Wjen   the  strong  eolntion   ia   cooled  colorlc^  crystals  of 
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ITjSO^.SOj  or  HjSgO,  separate.     This  is  the  tlisulfuric  acid  proper. 
It  uielts  at  35^,     Tim  solid  luud  is  now  an  article  of  commerce. 

Cbemical  Properties. — Disulfuric  ueid^  being  a  loose  compotiud 
of  sulfuric  acid  aud  sulfuric  oxid,  is  uustablc  and  chemically  activ«!. 
It  decern  pases  slowly  in  the  air  and  rapidly  when  heated.  lu 
attraction  for  water  is  even  greater  than  that  of  sulfuric  acid  and  it 
unites  with  it  with  a  hissing  sound.  Its  general  properties  aretljoie 
of  its  conBtituents, 

ir&es.^ — Fuming  sulfuric  acid  is  nsed  for  dissolving  indigo  and 
in  the  manufacture  of  various  anilin  dyes^  particularly  artificial 
alizarine, 

Disulfates. — From  disulfnric  acid  are  derived  salts  which  arg 
quite  st^ible.  Tliey  are  usually  obtained  by  boating  th©  snlfai^s. 
At  higher  temjieratures  they  decompose,  yielding  sulfates  again  and 
sulfuric  oxid. 

PERSULFUEIC    ACID. 
Formula  IISO*  or  H,S,Oi,    Molecnlar  weight  9T  or  194. 

Preparation  and  Propertiea.— PerauUuric  acid  m  formed  by  the  solutioa 
of  persalfuric  ox  id  in  water :  SiOt  -j-  HjO  =  SUSOt;  but  the  compound 
deoom{K)ses  at  once  with  the  liberation  of  oxygen; 

SHSOi  +  H,0  =  2H,S0*  4-  0. 
It  is  more  stable  in  siilfuric^acid  eolutton  and  is  formed  at  the  anode  when 
the  acid  is  electrolized  in  a  divided  cell    The  mid  itself  has  not  been 
iso! filed.     It  is  very  unstable  and  a  powerful  oxidizing  ^ent, 

Persulfates.— TUo  persulfates  are  more  stable  than  the  acid^  hut  areng* 
oroiis  fjxiilij&iug  aud  bleaching  agents.  The  potaaaium  salt  is  obtainetl  as  a 
crystalline  solid  by  the  action  of  nascent  oxygen  in  Ibe  electrolysis  of 
bydrogeij-potasftium  sulfate  in  a  divided  cell:  SHKSO*  +  O  ^  11*0  +  KSO^^ 
Ammonium  persulfale^  KH^SO^,  and  barium  jTersulfatD,  Ba(SOj«,  have 
been  prepared.  Ttie  latter  is  qriite  soltihic  in  water  and  therefore  barium 
chlorid  gives  no  precipitate  with  i>ersul fates,  a  fact  which  aerros  to  distin- 
guish them  from  sulfates.  K^  however,  tbe  mixture  bo  warmed,  the  per- 
sulfate  decomposes,  the  precipitate  appears»  and  chlorin  is  evolved,    - 

THI08ULPUBIC  ACID    (HYPOStTLFUBOFS   ACID). 
Formula  HaSaOa.     Molticular  weight  114, 
Preparation  and  Properties.— When  a  weak  acid  aote  upon  a 
dilute  solution  of  sodium  thioaulfate,  thioaulfnric  acid  is  supposed 
to  bo  separated  as  follows : 

2HCI  +  Na,S,0,  =  2NaGl  +  H.S.O,. 
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c^id  oannat  be  i&olattHl,  because  it  doeomposscia  at  once  into  buI- 
fitfoue  axid*  \vater,  ami  sulfur* 

Tliloftiilfates,— Tliinsitlfiites  are  du melons  aud  ']uite  itable. 
They  are  formed  when  sulfur  is  digested  with  sulfites  or  hydroxida^ 

BNjiHO  +  4S  ^  *INa,S  +  ail^O  +  Nu,S,0,, 
and  when  sulfurous  lixid  ueU  upon  sultid^.     In  the  hitter  case  sulfur 
and  a  iulfite  are  first  separated, 

380,  +-2Xa,8  ^  2Na,^0^  +  3S, 
and  tiieije  react  to  form  the  thiosulfate- 

The  thiosulfates  are  decomposed  by  acids  with  liberation  of  8ul* 
far  and  sulfurous  oxid.  The  most  important  of  these  salts  is  the 
aodtum  thlosulfate  which  is  much  used  iu  photography  under  the 
name  of  htjposuljiie  uf  soda  or  simply  hypo, 

THIOHIC  ACIDS, 

BitMonic  Acid,  HaSjO*.— Dithiouic  acid  is  prepared  by  the  aotioii  of 
djlttte  sulfuric  acid  upoct  bad  urn  dithiotjate : 

The  aolution  may  he  concentrated  m  vacuo  until  it  has  aflpecifle  grav- 
ity LM7.  On  furtbor  ooucont  ration  it  dtjcomposes  into  snlfurio  exid  and 
ftulfurir  acid,  IIi8iOi  =  8tli  +  H1SO4.   Tbe  free  acid  has  not  been  obtained. 

DittiionAtea  arc  well- tit  fined  c  ry  3  tal  J  ine  Stilts  wbich  decompose  when 
ht-ited  tnto  BulfHtos  and  suifiirens  oxid. 

TntiLi0nic  Acidp  IIsSiOb^^-A  dilule  solution  is  obtained  by  treating  tbo 
potMAinm  ealt.  with  hydroAttmilicic  acid  or  perchloric  acid: 

Tlte  aolution  is  coloHe&aaud  odorK-Hs  and  has  a  bitter,  aoid  taate.  When 
liitniot!  It  dpcrm)poi3f*s.  yielJitig  sutfurie  acid,  sulfnroua  oxid,  and  sulfur. 

Xritliioiutea  urt^  more  stable  titan  the  acid,  bat  undergo  a  similar  de- 
coiujj'i^ifruti  ivhi*n  be  1  Ted. 

tetralljioiiic  Add,  iIyS,0,.^ThU  Rcid  is  known  only  in  dilute  aqueous 
B^ahitioo  vvljk^h  may  be  bntlod,  but  on  roftcentration  d^omposes  Into  sn!- 
furio  ;ieid,  aulfnrou.'s  oifd,  and  antfnr.  The  sohitfon  m  obtained  by  treating 
the  biirtum  Pa?t  with  sulfuHp  add  t  Ba84n,  +  BSO,  =  BaSO,  +  H,8*0«, 

Tetr»tluonat#«  are  all  soluble  in  wafpr,  from  wbicb  tbey  cannot  \w  en^iW 
•epAmied  wit  boat  doeoinposi  Hon.  With  sfKlinm  nTnidffnm  ^r  rM'Jtaflflinm 
MulM  they  ymid  tlnosnlfatl^^  and  sulfur  :  K,8iO*  +  KvS  =  3K,8,0,  +  H 

Wbt'U  hydroifmi  nulfid  ig  po^M^d  for  a  long  timn  throuirb  sf  mn^  mdfnr- 
jfi*  Acid,  tbe  solution  will  hf.  found  to  contain  all  tbc  thionic  acids,  to- 
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gether  with  sulfuric  and  probably  tliiosnifuric  acids.  This  liqaid  is  known 
as  Wwkifitr'MJtrii  solution.  If  the  jiussage  of  tiie  hydrogen  sulfid  be  con- 
tinued until  action  ceases,  it  will  be  found  that  the  thionic  acids  bsTe 
decomposed  and  that  notliing  remains  except  sal  fur  and  water.  The  final 
result  of  the  action  is,  therefore,  represented  by  the  equation : 

H,S<J,  +  Sn.S  =  3H,0  +  3S. 
OXYCHLORIDS   OF  SULFUR. 

Sevoral  oxyohlorirls  of  .sulfur  are  known.  They  are  best  under- 
stocxl  l>y  sui)i)OJ?injr  them  to  Ix'  derived  from  the  acids  of  sulfur  by 
the  replacement  uf  hydn»xyl  with  clilorin.  The  following  taUe 
shows  the  names  and  formulas  of  those  best  known  and  their 
relation  to  llie  aciils: 
Sulfumus  nxyclih)nd,Cl\^        Sulfuric  hydroxyclilorid,       ClXon 

(ThL.nyl  cidorid}.  CV''  *  (Chlorsiilfonic  acid),  H-O/^ 
Sulfuric  oxyr'hh)rid.    ^'1\^. .     Disulfuric  oxychlorid,    CI — SO^v^ 

(Sulfurylclilnridi,   (;i/^-  =  '       (Disulfuryl'cTilorid),  CI— SO,/^ 

Sulfurous  Oxychlorid  (Thionyl  chlorid).  SOCU,  is  obtained  by  the  actioQ 
of  phosphorus  i»eniachlorid  upon  sulfurous  oxid  or  sulfites  : 

S<.».  +  PCU  =  Vnru  +  SOCU: 
Nm  >< )    -t-  JPCU  =  UNaCl  +  2VOV\t  +  SOCl,. 

Siilfiirr)u.sn\\ii.liniil  i>aci)iorless,  hi.irhly  refractive,  fuming  liquid  which 
]x»il>  ;ii  7*s  .  li  ii;i>  a  |a-n«.t rating  tKlor  and  its  vapor  attacks  the  eyesaud 
r«r.^pi:ai":y  •i.t'i!!-^.     It  is  (iicuiuporfed  by  water,  hydrogen  sulfid,  and  many 

nil;,  r  ii  ;ij.-:  V-. 

Sulfuric  Hydroxychlorid  U'hlorsulfnnic  acid),  SOaCUHO),  is  formed — 

1.  liy  -.lit-  af'iii.M  n\'  pliii-plioriis  <)xychlori<l  upon  sulfuric  acid: 

•ill.S').  ^  rod,  =H('l  -I-  II1»(),  +  2S0aCl(H0). 

2.  Hy  ilip'-t  Hiiii.ii  of  >ulfuric  oxid  ami  hydrochloric  acid  : 

so,  +  IK'I  =SO,('l(IIO). 
:J.  Hy  tin'  a^'tinii  of  hydntflilorii*  acid  upon  solid  disulfuric  acid: 
211(1  +  H,SJ),  =  II,()  +  iSOaCUHO). 

Tlii>  ^•'•nipoujifl  i-  a  (•i)lorh-ss,  fMminf»  li<piid  which  has  a  specific  gfravity 
1.7S.  1)1.;]- at  I.".",*,  ami  \\;i>  ;\  piMn-tratinir  n«lor.  Dissociation  begins  at  the 
iM.ilirii:  t<'in|MTatiin' aiul  is  coinploti^  at  440'.  It  decomposes  violently  ia 
fOT.f.'irf  witli  wafer  iii»o  ]iy«lro<'lilori«'  and  sulfuric  acids. 

Sulfuric  Oxychlorid  ^Sulfiiryl  <-hloridV  SOaCl,,  was  first  prepared  by 
Eotrnaiilt  in  '[K*,^  hy  the  coutinued  action  of  sunlight  upon  a  mixture  of 
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:iua1  volumes  of  cblorin  and  iulfurous  oxid.  This  mi^cture  is  also  caused 
uoite  lijr  the  presence  of  a  little  camphor.  It  is  further  obtained  by 
tiog  cblorsutfouic  acid  in  a  closed  tube  to  180^  for  13  hours: 

2S0,CltH0j  =  SO.CU  +  HiSO*. 

If iirio  ojcyohloHd  is  a  colorless,  suffocating,  fuming  liquid  which  boils 
f  TO"  and  has  a  sjiecifie  grarily  1.71  at  O'"-  It  detjorapostis  eDorgeticaliy  in 
hf  j>it!tk*iice  of  water,  first  yieitliag  chloi"su]fonic  acid  and  finally  sulfuric 
Ujd  hydrochloric  ndds.  Its  density  is  normal  at  184^  Above  this  it  decom* 
>oscs,  aiul  at  440''  the  litasocintion  iuto  SOa  and  CU  is  complete. 

Disulfurie  Oicyclilorid  f  Disulfuryl  chlorid),  SaOiCl,,  is  formed  by  the  ac- 
ion  of  SO,  uimi  WU.S^CUSOiCU,  or  NaCl;  also  by  the  action  of  PCI, 
tpoo  Sil^Cli  110).  It  is  a  heavy,  oily,  highly  refraetivej  fuming  liquid  which 
N>iU  at  i*%T  ririd  has  a  speeific  gravity  1,^519  at  0\  Its  density  is  normal 
hoihiLg-poiiit.  Above  iIiIej  dissociHtiou  begins  and  is  coujplete  at 
It  dissolves  iu  water  with  hissing  and  with  gradual  decomposition, 
first  chlorsulfonlc  acid  and  finally  sulfuric  and  hydrochloric  acids, 

OXTBEOMIDS  OF  SULFrK. 

oxybrotnids  of  sulfur  are  said  to  have  been  prepared j 
us  Ojcybromid,  80Bra»  by  the  action  of  sodium  bromid  upon  sul- 
mf>m  oxychlorld-  SNaBr  +  SOCU  -  2Ka4  H  +  SOBr,,;  and 

golf  ark  Oxyhromid,  S03rt,  Ijy  the  action  of  bromin  upon  siilfuront 
^xiil  tji  feonhght:  SOj  +  Br,  ^  SO,Br„  The  former  is  a  crimson  liquid  and 
latter  Sk  white  crystalline  8olid. 
lO  ga^lodida  and  oxyfluorids  of  sulfur  have  been  prepared. 

SELENIUM, 

Atotnie   weight  79,     Molecular  weight  158.    Density  70" 
(TAletice  n,  IV,  VI,    Specific  gravity  4.3  to  4,8,    Melting-point  21 7\ 

OcctirTence.-^Seleniuin  Is  widely  distributed  in  amall  quan- 
tities. It  mrvly  occtirs  free.  It^  more'  comninn  combinations 
ire  with  lottd.  copper,  bismuth,  mercur>%  ."Silver,  and  sulfur  as 
wltnUh  and  double  selenids.  It  is  often  associated  with  native 
and  native  sol  fur. 
iry.-*-Bc*leniuin  was  discovt^red  by  Berzelius  in  1817.  He 
it  from  the  dcix>sit  in  the  leaden  chambers  of  asuKuric* 
iufaetnr>^  hi  Gripsholm  in  Sweden,  He  called!  it  selfmtum, 
f J  reek  word  which  means  mo&n,  because  of  its  resemblance 
dennent  tellurium  {tetlm,  the  earth),  discovered  a  short  time 
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Preparation. — Soloniuiii  is  obtained— 

1.  By  reducing  sole  no  us  ueid  with  sulfurous  oxid  : 

HaSeO,  +  2S0,  +  n,0  =  2II,S04  +  Se. 

2.  By  tho  action  of  liydrochloric  acid  upon  potassium  selenocyanid: 

KrNSc  +  HCl  =  KCl  +  HCN  +  Se, 
8.  By  exposing  a  solution  of  an  alkali  selenid  to  the  action  of  the  air: 
K,Se  +  O  =  K.0  +  Se. 

The  usual  source  of  selenium  is  the  residues  of  the  sulf uric-acid 
manufactory.  When  tlie  wlenium-bearing  pyrites  is  burned,  the 
volatilized  selenium  and  selenous  oxid  are  deposited  in  the  flues, 
in  the  (Uovor  tower,  anil  in  the  chambers.  From  this  deposit  the 
s(»lenium  may  Ix*  obtained  in  the  following  ways: 

1.  The  residue  is  l)oil(Hl  with  dilute  sulfuric  acid  with  addition  of  uitric 
aeid  or  ix)tassinin  chlorate,  whereby  selenic  acid  is  formed.  This  boiled 
with  strong  hydrochloric  acid  is  reducfnl  to  selenous  acid,  which  is  further 
reduced  U)  selenium  by  a  stream  of  sulfurous  oxid. 

2.  The  residue  is  digested  with  iKttsissium  cyanid,  whereby  potassiam 
selcnocyaiiid  is  formcMl,  and  this  is  re<luced  by  hydrochloric  acid. 

!{.  The  deposit  is  fiisfd  wit))  sodium  niirate  and  soilium  carbonate  and 
exirjieted  witli  water.  Tlie  solution,  which  contains  alkali  selenid,  slowly 
(h'posits  tlie  srlciiiiiin  on  exposure  to  the  air. 

Physical  Properties.  — Sfleiiiiuii  is  an  aniori)hous  or  cr>*stalliiie 
si.lj.l  wliich  iii.'lt.-  nt  217"  ami  ImjIIs  at  C")<)°.  The  vapor  is  dark 
yrllMW  ;iinl  whrii  sii<  J.  Iciilv  eunlcd  cuiulens^'s  to  a  fine  red  ihuviUt 
ralli'il  jlitmrs  of  s./r})iu,n.  It  may  \>r  sublinied  and  distilled  /n 
rnrun  nv  in  ail  iii'lltVeniit  iras.  When  heated  in  Imlro^en  the 
suMiiiiat*'  is  Mack.  The  vapor  density  diininishes  as  the  teni|x»ra- 
tuiv  lisrs  until  at  ll'itP  it  is  S'J.  which  is  hut  little  above  the 
nnniial.  71),  and  in.licjites  the  ni(.leeular  formula  Se,. 

SciiMiimn  |>rrs;,-nis  tliree  ])hysieal  form.s  which  are  probably  dis- 
tiiH't  idlnin.pic  Mindifications,  as  follows: 

1.  hit/iii,f  or  ritnnns  sth )ihtm.—Th\^  form  is  liquid  above  250"  and 
l)''li»\v  iliis  trnipmiiir.'  !)oc(niH'S  mon»  and  more  viscid  until  at  80'  it  if  quitp 
liard  and  liritilr  wiih  a  vitn'ons  fraHuro.  On  pulrerizinfir  it  yields  a  nM 
.■iTMorphoiis  ])nwdtM'  wliirli  si-rnis  to  he  identieal  with  tho  powder  obtaiiK^l 
hy  nMlucin.L:  srliMious  acid.  Liijuid  srh^nium,  both  vitreous  and  Amorphous, 
i.s  slitrhtly  soluble  in  carhon  disulfid  and  has  a  siSecific  gravity  4.8  to  4.5. 
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2,  Htd  crystalline  s**hmnm, — This  is  a  red  powder  composed  of  mono- 
ditiJccryj^tiiljijjincl  la  obtiuticd  from  soluUoii  of  selenium  in  eitrbondistilBd. 
It  k  ijsomorpiioug  wiLh  moriodiuiii  sulftir  and  h£i&  spcici^c  gravity  4.5« 

S.  Mttnllic  #fr/<rrttitw.— Tbis  is  ti  gray  ur  black  crysialline  soHd  of  specifio 
gravity  4.5  to  4.8*  It  hfts  a  metallic  appearauce  and  conducts  electricity, 
ItB  electric  coaductivify  is  peculiarly  afftjcted  by  light,  being  twice  as 
great  In  dtfl^OAod  dayligbt  as  it  is  in  the  dark* 

Chemical  Properties. — In  all  its  chefnical  propertit\s  splpnivnTi 
closely  rG\seniblt's  sulfur,  .  It  is  somewhat  less  negative  than  sulfur, 
has  valences  II,  IV,  and  YI,  is  insoluble  in  water,  and  is  eheniieally 
inaetive  until  it  is  heatecl.  It  btirn£>  In  the  air  with  a  reddissh  fiaine 
to  Sel_>|,  which  has  a  disagreeable  odor  resciiibling  that  of  ^lecaying 
horye-radiiah*  With  water  and  o^^one  It  forms  seJcnic  arid.  It  dis- 
solves in  sulfuric  and  hot  nitric  acids,  yielding  selenous  and  selenic 
AcidB.  It  unites  rcatlily  to  hydrogen,  phosphorus,  the  halogens, 
and  the  metals  to  form  selenids. 

SELENIt^M   COMPOUNDS. 

Selenium  forms  numeroua  eompounds  exactly  corresponding 
to  Uiotie  of  sulfiir, 

SELENIUM   AND  HTDROflEN. 

Hydrogen    Selenids   H^8e,  is  formed   hy  dii^et  ttnion  when 
9&k*nium  is  heated  in  hydrogen;  alsf>  by  the  action  of  dilute  atdds 
CI  and  HjSC),)  upon  selenids  (of  K  and  Fe): 

FeSe  +  H^SO,  -  FeSO,  +  H^Se. 

It  is  a  colorieiss  gm  with  a  very*  disagreeable  and  irritating  odor. 
It  lis  quite  |Kn8*jnouijp  destroying  for  a  time  the  sense  of  srnell  and 
prodycing  heailache.  It  is  more  soluble  than  HjH,  and  the  soUititKi 
lt?dtlens  litmus.  It  is  decomposed  by  heat  and  the  electric  simrk, 
and  preripitates  metals  from  f^olution  as  ^lenidg.  It  burns  with  a 
blue  flame  to  ^SeOj  and  H^O*  Its  formation  m  endothermie,  the 
equation  being  (HjSe)  =  -  11,100  eal. 

No  compound  of  ."^lenium  eorresporiding  to  HjR,  is  known, 
S^lesids. — The  gelenids  may  be  regarded  as  simple  binary  com- 
-r  a«  derivatives  of  bydrf*(ren  selenid.     The  alkali  selenida 
'  ,  the  others  mostly  insoluble,  in  water. 
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SELENItTM  HALIDS. 

Selemum  Fluorid,  SeaFt,  sol ii bio  iu  bydrochloric  acid  and  decomp 
by  water,  is  said  to  be  formed  as  a  crystalline  aalid  when  selenium  T&por  ii 
passed  over  leud  flu  odd* 

Selenmm  Dichloridi  Se^CUt  1^  obtained  by  the  dir^ect  oniozi  of  seletiium 
and  chlorii)^  or  by  (la^ibg  HCI  Ihrough  a  strong  acid  aoludon  of  seleaium. 
It  is  a  reddish^  brown,  oily  liquid  with  a  disagreeable  salenous  odor,  lu 
apecific  gravity  jb  2.9  and  ita  heat  of  formation  SS^L'^O  caL 

Selenium  Tetiachlorid,  SeCl,,  is  formed  by  the  action  of  cblorln  upon 
Senium  or  geltiiiiuiii  dichlorid,  or  by  heating  selenium  oxid  witb  phos^ 
phorus  jientachlorid.  It  is  a  yellowisU-wliiLe  crysuilline  Bolid  wUieh  £ul>- 
litnes  without  melting,  It  dissoctates  at  200*"  and  di^olres  In  water  with 
decomposition.     Heat  of  formation,  46,1^0  cal* 

Selenium  Dibromid,  SettBr^^  i^  fonnod  by  direct  union  of  fielentum  and 
bromin.  It  is  a  vx^ry  dark^red  liquid  with  unplea&aut  odor;  specific  gravity 
8.6.    It  is  dt^com posed  by  heat  and  in  contact  with  waten 

Selenium  Tetrabromidf  SeBr^,  is  formed  by  the  action  of  bromin  upon 
selenium  or  selenium  dibromid.  It  is  best  obtained  by  adding  bromin  to  & 
solution  of  Se*Bri,  in  CSi.  It  is  a  yellow  crystalline  solid  which  sublimes 
at  BO^'f  partially  decomjK^iogf  and  condenses  in  black,  shining,  six-sided 
scales.     It  has  a  digagreeable  odor  and  is  decomposed  by  waieri. 

Selenium  Tribromcblorid,  SeBriCl,  and  Selenium  Bromtrichlorid,  SeBrCi,, 
have  bceu  preparfHi.    Both  are  coloj'less  crystalline  solids. 

Selenium  Biiodid,  Sea  I,,  is  formed  by  heating  the  elements  togetUen  It 
ia  a  steel-gray  crystalline  metaMike  solid  which  melts  at  70''  and  is  de- 
composed at  a  hitflier  temperature  or  in  contact  with  water. 

Selenium  Tetraiodld,  8eL,  is  formed  by  beating  together  selenium  and 
iodin^fwith  the  latter  in  excess^  or  by  adding  HI  to  HaSeOj.  It  is  a  dark- 
gray  aolid  which  melts  at  80'  to  a  very  dark  liquid. 

OXIDS   AND   ACIDS   OF  SELENHJM, 

SeleDOUs  Oxid,  ReO„  is  prepared  by  burning  selenium  in  a  stream 
of  oxygen.  The  oxid  condenses  in  long  white  prisms  which  sub- 
lime at  300*"  without  melting.  It  has  a  powerful  odor  and  dis- 
solves in  wat^r  to  fonn  selenous  acid. 

Selenic  Oxid,  SeOj,  has  not  been  isolated,  but  is  represented 
in  scletilc  acid  and  the  .selenates. 

Selanous  Acid,  H^SeOj,  is  prepared  by  dissnl\4ng  selenous  oxid 
in  hot  water,  or  by  heating  selenium  vA\h.  nitric  acid.  It  forms 
long  colorle^  prisms  which  have  a  strong  acid  taste  an<i  decom- 


\ 


C*l.  XXIV.]         TEE  SULFOIBS,    BULFUH  GBOUP. 


299 


irheii  heated  bto  SeO^  aotl  HjO.  Specific  gravity  3;  heat  of 
fomiaiion  (Se,OajAqJ  =  57,200  ml 

Seienites.^ — Selenoua  acid  is  dibasic  and  forms  acid,  normal 
t\  dfnible  salts.  It  also  forms  acid  selenit^es  united  with  the  acid 
tlius:  KHSeOj^HjSeOg,  llie  alkali  selenites  areflolubk^  the  others 
usuaUy  insoluble.  They  emit  a  horse-radish  odor  when  heatml 
on  charcoal  and  precipitate  red  selenium  when  HOj  is  passed 
through  their  solution. 

Seleaic  Acid,  IK8eO<,  is  prepared  (1)  by  the  action  of  HjS  uix>n 
selenates,  H^S  -h  PbSt'O^  =  Hj^SeO^  +  PbS;  (2)  by  oxidizing  seleii- 
ous  acid  or  selenites,  as  by  adding  bromin  to  silver  selenite  sus- 
pended in  water,  Ag^SeO,  +  Br,  +  H^O  ^  2AgBr  +  H^^SeO^.  The 
solution  may  be  evaporated  in  the  air  until  it  has  a  specific  gravity 
2.6  and  contaLus  94  per  cent  of  the  acid.  It  may  be  further  con- 
centrated in  vacuo  until  the  gravity  is  2.627  and  the  acid  content 
97 A  per  cent*  It  is  a  strongly  acid,  oily  liquid  resembling  sulfuric 
It  mixes  freely  with  w^ater,  dissolves  metals,  and  is  decom- 
by  heat.    With  HCl  it  e^■oIves  chlorin, 

Selena tes. — The  metals  generally  form  selenat^s  which  closely 
resemble  the  sulfates. 


OXTCHLOBID   AND   OXYBROMID   OF  SELENIUM. 
StkBlum  O^cMorld,  SeOda^  is  a  fuming  yellow  liquid  which  solidifies 
10\  bijils  at  180%  and  h  decomposed  by  water.    It  is  formed  by  the 
dll^ct  iitiiofi  of  SeO,  and  Sctl*, 

S«lemiiim  O^romid,  8eOBrs»  is  a  crystalline  solid  formed  by  melting 
tbcr  St'Oi  aad  SeBn, 

SELEKIO^I  APCD   STJLFUR. 

S<^Ienium  and  sulfur  melt  together  in  all  proportions  seemingly 
without  fonning  definite  compounds,'  When  hydrogen  sulfid  is 
piist*e<l  Hirtjugh  a  solution  of  selenous  acid,  yellow  selenous  sulfid, 
SeS,,  is  said  t/i  l>e  precipitated;  and  when  hydrogen  seJenid  is 
pnased  into  sulfumus  acid  a  yellow  precipitate  falls^  w^hich  is  sup- 
posed to  be  sulfurous  selenid,  SSe,,  When  their  joint  solution  in 
CS»  h  allowed  to  evaporate  an  isomorphous  mixture  of  the  two 
elements  is  obtained* 

TELLURIUM. 

Symbol  Te,    Atcrmio  weight  128,     Density  128,     Molecular  weight  S56, 
"aooe  11,  IV,  TL,    Specific  gravity  6,24.    Meltiug- point  453*. 
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Occurrence. — ^Tellurium  occurs  free  in  small  quantities  in  Vir- 
ginia, California,  Hungary,  Transylvania,  Brazil,  and  Bolivia.  It 
generally  accompanies  gold  and  silver.  It  is  more  usually  found 
in  the  same  countries  as  telluritls  and  double  teUurids  of  gold, 
silver,  lead,  antimony,  bisnmth,  and  sulfur.  It  also  occurs  as  the 
mineral  tellurite,  TiK  )2. 

History. — Tellurium  was  first  prepared  in  1798  by  Klaproth, 
who  nameil  it  after  the  Latin  tcUus,  wliich  means  the  earih.  It 
was  more  fully  investigat(xl  by  Berzelius  in  1832. 

Preparation. — Amorphous  tellurium  is  precipitated  by  sul- 
furous  acid  fnmi  solutions  of  tellurous  acid,  or  by  zinc  from  sul- 
f uric-acid  solutions  of  tellurium  compounds.  It  is  prepared  from 
tlie  native  bisnmth  tellurid,  BijTcj,  as  follows:  The  powdered  ore 
is  mix(^l  with  an  etiual  weight  of  carbonate  of  sodiimi  or  potassium, 
made  into  thick  paste  with  oil  and  heated  to  a  white  heat  in  a  closed 
crucible.  The  mass  is  extracted  with  water  and  the  filtered  solu- 
tion of  alkali  tellurid  and  sulfid  is  exposetl  to  the  air,  when  t<?llurium 
gradually  separates  as  a  gray  powilcT.  It  is  purified  by  distillation 
in  a  current  of  hydrogen.  Cooled  from  fusion  or  obtained  by  sub- 
limation it  is  crystalline. 

Physical  Properties.— Tc^llurium  is  a  bluish-white,  silver-like 
crystalliiu-  solid  wliich  melts  at  ATvr  and  boils  about  1380°.  It 
^ivi's  a  yrllow  vai)or  whose  absorption  sjx^ctmm  consist*  of  many 
fiiH  lines  cxtcntlinir  from  the  yellow  to  the  violet.  It  conducts 
(•lrcni(  ity  ratlicr  ])oorly  and  the  conductivity  is  slightly  incrpa*!ed 
in  tlic  liiiht.  It  crvstalli:a*s  in  rhomlvihedra  or  in  hexagonal  prisms 
with  rliornhohodral  sunnnits.     The  specific  gravity  is  6.26. 

Chemical  Properties.  -  Physically  tellurium  resembles  the  metals, 
l)Ui  eliernicaliy  it  is  a  non-nw'tal.  actinjr  as  a  positive  in  only  a  few 
compounds.  It  is  insolni)!e  in  water,  but  dissolves  in  cold  fuming 
snlfuric  :icid,  in  hot  solutions  of  alkali  hydroxids.  and  in  concen- 
1  rated  nitric  acid.     It  is  oxidized  by  nitric  acid  to  HjTeO^. 

TKLLrUlUM    (CjM POUNDS. 

Tellnrium  is  cinsely  relat(Ml  to  sf^lenium  and  sulfur  and  forms 
coini)nund>:  wliicli  nn^  exactly  analoujous  to  those  of  these  two  cle- 

Tnenls. 

'I'IM.rHirM    AM)    HVDROnKV. 

Hydrogen  Tellurid,  ILTe.  is  formed  l)y  the  direct  union  of  the 
elements  when  tellurium  is  heat(Mi  in  a  current  of  hydrogen.    It 


KKW]  TliE  BUlFOTDfL    BtTLFUE  GROUP. 

U  also  obtained  by  the  action  of  hydrochloric  acid  upon  zinc  tel- 
hirid,  ZnTc  +  2HC1  -  ZnCI,  +  H^IV. 

li  \s  a  colorless  gaB^  not  so  |wieonous  as  hydrogen  seleaid,  and 
irith  an  odor  less  offensive.     It  is  unstable,  is  decomposed  by  heat 
nod  the  aquer^uft  sohitifju  alisorbs  oxygen  and  deposits  tellurium. 

TeUurids. — Tellurium  unites  to  most  of  the  metals  to  fon» 
lalliiridit  and  double  tellurids.  The  alkali  compounds  are  sohible, 
while  the  others  are  mostly  insoluble^  m  wat^r, 

TELLURIUM    HAUOS. 

TaUariiiia  Tetrafluond,  TeF|»  is  a  coiorltisa,  transparent,  deliquescent 
solid  fftbtaUK^il  by  luixiug  leUuHum  oxid  or  m'^d  with  hydroBuorio  ncid, 

T^tmam  Dkhlorid,  "roCI»,  is  formed  by  direet  miioji  of  fhlorin  with  lol- 
luriutii  m  t'xct^&.  It  is  a  black  amorphous  solid  vvhitli  me  Us  at  ITS'"  and 
hmh  lit  S27*^  giving  II  re*J  va[x»n 

TeBurium  TetracWorid,  TeCli,  h  obtained  by  beating  tellurium  with 
chlonu  m  excess.    It  ls  a  colorless  cryBtalUne  solid  which  melLa  at  814* 

TtlliuluM  Dibromid,  TeBri,  h  oblaiued  by  union  of  bromin  with  tellu- 
ritim  ill  *^xtH'3fit  or  by  fusing  tellurium  tetrabromid  XTith  ext'i*ssof  tellurium. 
It  is  n  hktk  16 b- green,  deliquescent,  cryutalHue  solid  wiueh  melts  at  305* 
aud  Uijls  ut  yw, 

TeUurima  Tetmbrondd,  TeBr*,  is  a  cTystalline  solid,  red  when  hot  and 
yellow  when  cold.  It  melts  at  380''  and  b<>ila  at  414\  It  is  prepared  by 
beatinj^  I*  Ihirinm  with  bromin  in  excess  in  a  current  of  carbon  diojtid. 

Telluriiim  Diicidid,  Tel,,  h  a  black  crysialline  solid  obtained  by  beating 
tog«lbf>r  tellnriiim  and  iodin  in  the  profter  proportions. 

Tenaxiam  Tetralodid,  TeL,  is  im  iron-gray  crystalline  solid  obtained  by 
beating  together  in  a  cloeetl  flask  tollurous  and  hydriodie  acids. 

OX1B8    4NT>  ACIDS    OF    TELLUHIUM. 

Tellurous  Oxid  (Telhirinm  dioxid)»  TeC\.— Tellurium  oxid 
iKiCurs  in  nature  as  UUuritr  or  telliiriujn  ocker.  It  is  prepared  by 
bnniing  t.rilurium  or  by  oxidizing  it  with  nitric  acid.  It  is  a  white 
ciy-fitalline  solid  which  melt^  at  a  red  heat  to  a  yellow  liquid.  The 
spccifie  gravity  varies  fnrm  5,65  to  5.90,  acetjrding  to  the  method 
of  iifi  preparation.  It  is  almost  insnhible  in  water,  slightly  soluble 
in  aridi^i,  easily  soluble  in  alkali  liydroxids. 

TeUtirk  O^ild  (Tellurium  trioxiJ),  TeO^,  is  an  orange-yellow 
m^xtalline  solitl  obtaineti  by  heating  telluric  acid.  It  is  nearly 
in.«oUibl«*  in  water  and  cold  acids,  but  dissolves  in  boiling  acids  and 
idkaltea. 
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Tellurous  Acid,  HjTcOj,  is  obtained  by  dissolving  tellurium 
in  nitric  acid  and  pouring  the  solution  into  water.  The  precipiute 
is  dried  over  sulfuric  acid.  It  is  a  white,  amorphous  solid  with  % 
metallic,  Ijittcr  taste. 

Tellurites.— Xonnal.  acid,  and  double  tellurites  are  formed;  also 
molecular  compounds  with  one  or  more  molecules  of  the  oxid  or 
acid.     Examples  of  the  last  are: 

Potassium  totratellurite,  KaTeO„3TeO,. 

Superacid  potassium  tellurite,  HKTeOg,H,TeO,. 

Telluric  Acid,  H^TeC)^,  is  obtained  by  decomposition  of  barium 
tellurate,  BaTeC^,  with  sulfuric  acid.  On  filtration  and  evapora- 
tion, crj'stals  separate  having  the  composition  HjTe04,2H^. 
When  these  crystals  are  heated  to  160**  the  water  is  driven  off  and 
the  acid  is  left  as  a  white  powder.  At  a  higher  temperature  it 
separates  into  HoO  and  TeOj,  and  the  latter  finally  into  TeO, 
and  0. 

Tellurates. — The  alkali  tellurates  are  soluble  in  water,  the  others 
usually  insoluble.  Not  only  are  acid,  normal,  and  double  teUuntes 
formed,  but  also  superacid  tellurates  of  complex  composition. 


CHAPTER  XXV. 

GROUP  VIA,     THE  CHROMOIDS.    CHROMIUM  GROUP. 

Chromium  52.     Molybdenum  96.     Tungsten  184.    Uranium  239. 

GENERAL  PROPERTIES   OF  THE   SUB-GROUP. 

Of  the  elements  of  this  sub-group  chromium  is  the  most  im- 
portant and  the  only  one  which  is  at  all  abundant.  Only  a  few- 
molybdenum  compounds  are  of  commercial  interest,  while  tungsten, 
and  uranium  are  rare  elements  scarcely  seen,  free  or  in  their  com- 
pounds, outside  of  chemical  laboratories. 

By  reference  to  the  periodic  table  it  will  be  seen  that  each  group 
of  elements  divides  into  two  sub-groups,  one  of  which  is  more  nega- 
tive and  the  other  more  positive.  In  the  group  now  under  consid- 
eration oxygen,  sulfur,  selenium,  and  tellurium  constitute  the 
negative,  while  chromium,  molybdenum,  tungsten,  and  uranium 
form  the  positive  sub-group.  In  all  groups  the  positive  quality 
becomes  more  marked  as  the  atomic  weight  increases.  It  may 
thus  happen  that  an  element  of  a  positive  sub-group  is  more  nega- 
tive than  one  of  a  negative  siU>-group;  for  example,  chromium  is 
more  negative  than  tellurium.  On  the  other  hand,  the  negative 
quality  of  an  element  becomes  more  marked  as  the  valence  in- 
creases. Sulfur  with  the  valence  VI  is  very  strongly  negative, 
while  bivalent  sulfur  can  barely  form  an  acid;  chromium  with  the 
valence  II  is  decidedly  positive,  while  hexavalent  chromium  is 
only  negative. 

A  comparison  of  some  of  the  physical  constants  of  the  chromium 
sub-group  is  exhibited  in  the  following  table: 


Chroraium. 

Molybdenum. 

Tungsten. 

Uranium. 

Atomic  weight. 

Specific  gravity 

Specific  heat 

MeltiDflT-poiDt 

52 
6 

0.1 
above  2500* 

96 
8.6 
0.066 
white  heat 

184 
18.1 
0.088 
white  heat 

239 
18.7 
0.028 
1500** 
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The  chemical  relationship  of  the  elements  of  the  sub-group  is 
quite  close.  The  valence  varies  from  II  to  VI  with  a  tendency  to 
fonn  mixed  compounds  in  which  the  apparent  valence  is  III  or  V. 

CHROMIUM. 

Symbol  Cr.  Atomic  weight  52.  Valence  II,  IV,  VI,  also  pseudotriad, 
(Cr,)vi.     Specific  gravity  6.8.     Melting-point  3000**. 

Occurrence. — Chromium  does  not  occur  free.  The  principal 
ore  is  chrome  iroUj  which  is  a  more  or  less  pure  ferrous  chromite, 
FeCrjO^,  or  l'e(),Cr2^)s.  Other  native  ores  are  crocoisUe  or  lead 
Chromatis  PbCrO^,  and  chrome  ocher,  OjO,.  Traces  of  chromium 
are  found  in  many  minerals  and  usually  give  them  a  green  color. 
Clironiium  localities  are  Sweden,  Hungary,  the  United  States,  and 
the  Tral  Mountains. 

History. — Chromium  was  discovered  by  Vauquelin  in  1797, 
Its  iiaiiio  moans  "color"  and  was  given  to  the  element  because 
many  of  it.s  compounds  art*  colored. 

Preparation. — Chromium  may  be  prepared — 

1.  By  electrolysis  of  a  mixture  of  the  chlorid,  OrOU,  and  the  oxid, 

CfaO,. 

2.  By  reduction  of  the  ox  id  by  means  of  carbon  or  aluminum  at  a  very 

lii^h  temperature. 

*l.   By  ivduction  of  tlio  chlorid  by  motallic  zinc. 

Chroniiuin  is  now  i)roparo(l  in  (jfiantitios  by  reducing  the  oxid 
or  th(^  nativ(»  clirnnio  iron  ore  with  carbon  and  lime  in  the  electric 
fumac*(\  a  nictlmd  (IL^covcTcd  by  Moissan  in  1894.  The  lime 
provonts  tlic  formation  of  chroinium  rarbid. 

Pun^  rlironnuni  is  bost  obtained  by  reducing  the  oxid  with 
aluniimiiu  fdoUlschniidt  method). 

Cliiniiiiiiin  is  chieliy  used  in  the  manufacture  of  steel. 

Physical  Properties. — The  physical  properties  of  chromium 
depcMul  soHK'wliat  upon  tho  method  of  its  preparation.  When 
obtainccl  ])y  nvluction  of  tli(*  oxid.  it  is  a  gray  powder  consisting 
of  Tcry  lianl.  britt](\  lustrous,  rhombohodral  cr>''stals  which  have 
a  s])ccific  Lrravity  (>.s  and  which  fugo  at  a  temperature  above  the 
nicltiiiir-point  of  platinum  (about  2500°). 

Chemical  Properties. — Chromium  is  insoluble  in  wat-er  and 
nitric  arid,  but  dissolves  in  hydrochloric  acid  and  warm  dilute 
sulfuric  acid  with  evolution  of  hydrogen.     It  is  unchanged  in  the 


wdtf  but  bums  brilliantly  when  heated  in  oxygen.  It  bums  also 
in  chlorin  to  form  CrCl,.  The  presence  of  oner  half  of  one  per  cent 
of  eliramium  m  st^^l  makes  it  very  hard  and  strong  and  rend^i's  it 
very  suital>le  for  curtain  purposes  in^tho  arts.  The  great  radfijad 
bridge  at  St*  Louis  is  made  of  chrome  steeL 


CHHOMiUM   COMPOUNDS. 

Chromium  is  positive  and  basic  when  bivalent ^  negative  and 
acidic  when  hexavaieut,  and  both  basiu  and  acidic  when  lelrava- 
lent.  WiUr  the  vulence  IV  it  does  not  form  simple  uompoimfls, 
but  two  atoms  unite  together,  making  it  seem  to  be*  trivaleut; 
Urns:  ^Cr— Cr^.  Chromium  fonoK  two  elementar>^  pfisitive 
iiiOfi.  Cr"  blue  and  Cr*'  purple,  nnd  one  basir  cumplex  ion^  CH)*" 
Tieil*  Cr**  pa-sses  readily  to  the  more  stable  Cr*'^  and  In  hence  a  ret  hie- 
ing upMit,  The  principal  acid  xoixe  are  Cr^O/'  (chnmiite),  Cr<*/' 
<rhrooiate)  yellow,  and  Cn()^"  (diclinunat^*)  red.  The  acid  ioas  nw 
oxidizing  agents  because  they  are  ea*^^y  reduce<l  to  the  basic  ions* 

Tlicre  is  a  little  confusion  in  the  naming  of  chromumi  compounda. 
CrjO^  is  naUixl  chromic  oxid,  while  the  salts  of  its  Iryflrate  are  calletl 
chromiieM,  This  confnsirm  arises  frf>m  the  twofold  electric  quality 
of  cimnnlum.  Tliere  are  two  series  of  basic  compounds*  called 
ehroffwuB  and  chromic^  as  the  %-alence  is  11  or  HI:  so  there  are  two 

iiic  series  called  rhrfimites  ami  rhromaics,  m  the  valence  is  III 

VL  In  aildiiion  to  these  there  are  at  least  three  series  of  poly- 
chromatfjs.    Sample  compounds  are  as  follows: 


w 


Riuiic, 

km\^. 

Cr",.., . 

{Vf^)^ 

Ctm, 

Z ,.,.ai£e, 

frJr,^vt  ^ ,  ^ _ 

ZnrTg0..fZnO,Cr,Oj) 

Cf'^l.. 

.  Cr" ,__ 

rRROMlTTM   HALlnS. 

Cbromlum  Fluoride  CrF».4rrsO,  is  nHamed  by  heating  lead  chromate,  cal- 
cXnm  fltinrid.  nnrl  su^fnHc  m\^  t nether  in  a  leaden  fUsh.  It  is  a  red  w^ 
which  roT»f1ensf>H  to  a  ijlood-red  l^tiuf,  Tt  jirodneea  violorit  oougliing  when 
inhrtlf'f!  nnd  ih  diTrmienaed  hy  wiiter  into  HF  and  Cr»0,, 

Clironnius  Chlorid,  CiCl^,  Is  obtained  by  the  action  of  hvdro- 
[>ric  acifl  upon  chromium,  or  by  gently  igniting  chromic  chlorid 
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ill  tlry  hydrogen.  It  consists  of  white  lustrous  ciystals  which  dis- 
solve hi  water  to  a  blue  solution  which  is  a  powerful  reducing  agent 
It  absorbs  oxygen  from  the  air,  becoming  chromyl  ehlorid,  CrOQ,, 
and  when  treated  with  potassium  hydroxid  precipitates  chromous 
hydroxid,  CrHjO,. 

Chromic  Chlorid,  Cr^CU  or  CrCl,,  is  prepared  by  heating  an 
intimate  mixture  of  chromic  oxid,  0,0,,  and  carbon  in  a  stream  of 
dr>'  chlorin.  The  chromic  chlorid  sublimes  over  and  condenses 
in  lustrous,  peach-blossom-colored  scales  which  have  a  specific 
gravity  3.03  and  are  insoluble  in  water.  When  heated  it  dissoci- 
ates so  that  the  vapor  density  corresponds  to  the  formula  CrQ,. 
It  readily  dis-solves  in  water  containing  a  small  quantity  of  chromous, 
cuprous,  or  stannous  chlorid.  A  similar  solution  is  had  by  dis- 
solving chromic  hydroxid  in  hydrochloric  acid.  On  evaporating 
the  solution  crj'otalline  hydrates  of  chromic  chlorid  separate  which 
contain  var}ing  quantities  of  water.  When  these  crystals  are 
heated  to  25()°  in  hydrogen  clilorid  or  chlorin,  the  insoluble  pink 
anhydn)us  chromic  chlorid  is  obtained. 

Chromous  Bromid,  CrBrt,  is  a  white  crystalline  solid  obtained  by  heat^ 
ing  chromic  bromid  in  hydrogen,  or  by  heating  together  bromin  and 
chromium  in  an  atmosphere  of  nitrogen. 

Chromic  Bromid,  Cr^BrA,  is  obtained  as  dark  metal-like  hexagonal 
crystals  by  heating  a  mixture  of  chromic  oxid,  Cr«0*,  and  carbon  in  dry 
bromin  vapor. 

Tlie  iodids  of  chromium  have  not  been  prepared. 

OXinS    AND    nVDROXTDS   OF   CIIROmUM. 

The  oxids  of  rhroniium  with  the  usual  names  are  as  follows^ 

Chromous  oxid,         Cr"        CrO  Cr=^ 

Chromic  oxid,  (Cr,)^'    Cr-A       0=^--Cr=0 

Chromium  trioxid,    Cr^       CrO,        O^Cr=0 

II 
O 

Of  those  oxids  the  first  is  basic  and  the  third  acidic^  while  the 
second  is  both  basic  and  acidic.  The  oxid  Cr'^Oj  has  been  de- 
scribed. l)ut  its  separate  existence  is  still  doubtful.  Other  oxids 
hav^'  been  ol)tainod  with  the  formulas  CrjOj,  0405,  and  Qrjd^, 
These  are  probably  mixtures. 
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Chromous  Oxid,  CtO,  has  not  been  isolatc'd,  but  Chjomous 

Hydroxid,  CrHjOa,  is  tlirciwii  down  as  a  brownish-red  precipitate 
\^'hen  potassium  hjairoxid  is  added  to  a  solution  of  chmmous 
chlorid,     It  is  decouiposei.1  by  heat  a.^  follows:  2CrH202  —  Cr^Oji  + 

Chromous  Baits. — Bivalent  chn.>mivim  forms  salts  with  several 
of  the  sci*ls.  They  are  foraied  by  the  action  of  the  acids  or  salts 
upon  ehroinium  or  chromous  halids.  They  resiemble  ferrous  salts 
and  are  readily  oxidized  to  eluomic  compuimds. 

Clin>Qioiis  Stdfate,  Cr^O«,  is  obtained  by  dissolving  ehromium  in  sul- 
furic acid.    It  is  isomorplious  with  ferrous  sulphate  and  cry&taUi^cs  with 
molecules  of  water. 


Chromic  Oxid^  CfjO^^  occurs  in  nature  as  chrome  oehtTf  and  in 
coinbiiiatiun  with  iron  as  cliroine  ironstone.  It  is  amorphous  or 
cn'stalline  acconUng  to  the  method  of  its  preparation. 

Amorphous  chromic  oxid  is  prepan?d^ 

1*  By  buniing  chromium  in  oxygen. 
$.  By  ignitiug  chromic  bydroiid,  triojiid*  or  t rich lo rid. 
8*  By  bcrttirig  mcrcurons  chromate  or  ammoninai  dichromate* 
4,  By  beating  potMsssium  dicbnimate  witb  sulfur  or  ammoutum  chlorid 
aodi  washing  the  residue  witb  water. 

Crv^stalline  chromic  oxid  is  obtained — 

1.  By  pjisaing  the  Vfi\yoT  of  ciiromyl  cblorid,  CrOCh,  tbrongb  a  red- 
hot  ttlijti, 

2,  Br  beating  a  miitture  of  potassium  dicbroraaie  nnd  common  salt 
ttndcr  ft  layer  of  suU  and  washing  the  residue  free  from  cblorids. 

Chmmic  oxid  is  a  duU-green  amorphous  powder,  or  a  mass  of 

liLstrouB,  dark-green  hexagonal  cr^'stals,  hard  as  corundum,  and 
iKmiorphoiiB  with  the  corresponding:  oxids  of  iron  and  aliuninum. 
It  is  insoluble  in  water  and  dissolves  with  difficulty  in  acids.  It 
dissf»h^e«?  in  molten  g:lass.  irivnng  it  a  beautiful  green  color,  and  is 
usf-d  in  the  glass  and  pnrceluin  manufacture.  It  is  used  also  as 
a  pismient  ^mdor  the  name  of  ehrome  green. 

Chromic  Hydroxids,— ^'liile  chromic  oxid  does  not  readily 
dissiilv*'  in  water,  it  still  forms  tliree  hydroxids  as  follows: 

Ortho  chromic  hydroxid,         Cr.rHO),        or    Cr^O.^aiLO, 

Monometa  chromic  hydmxid,  CrjOf HO\     or    CrA  2HjO. 

Btmcta  chromic  hydroxid,       CrA(^^^)s    ^^    CrA^^O* 
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The  first  of  those  hydroxids  is  obtained  as  a  light-blue  precipi- 
tate when  aininonia  is  addcnl  to  a  solution  of  a  chromic  salt  free 
from  fixed  alkali.  When  dried  over  sulfuric  acid  it  has  the  com-  - 
position  Cr2(H())„,4H20.  Dried  in  mvuo  it  loses  three  mole- 
cules of  water  and  becomes  Cr2<HO)a,H30.  On  being  heated  it 
gradually  losers  iijore  water  and  at  200*^  becomes  Cr,0,(HO)j. 

The  siH'ond  hydroxid  is  obtained  by  fusing  tc^ether  potassium 
dichroniate  and  l)(>ric  acid  and  washing  the  residue.  It  is  called 
Gmgnt'Cs  gran  ami  is  usihI  as  a  pigment. 

Chromic  Salts. — The  chromic  hydroxids  are  both  basic  and 
acidic.  In  their  l»a.sic  character  they  act  with  acids  to  form  chromic 
salts.  Hcvsides  the  .simple  compounds,  there  are  numerous  basic 
and  double  salt*. 

Chromic  Sulfate,  CrafSOi)!,  15HaO,  is  a  violet-blue  solid  crystallizing 
ill  small  regular  octahedrons.  It  is  obtained  by  disbolving  chromic 
hydroxid  in  suit  uric  acid  and  letting  the  mixture  stand  in  the  air  for 
sonio  (hi vs.  When  hoated  to  100**  it  h)$es  water  and  becomes  a  green 
solid  havin;^  the  com})osition  Cra(S04)3,*5IIaO.  On  ignition  the  anhydrous 
salt  is  obfaiiu'd. 

Chromium  Trioxid,  C'rOj,  is  obtained  by  the  action  of  strong 
sult'iiric  acid    iiiu)n    cold  saturated  solution   of  sodium  or  potas- 

Anui  (lichmiiiatc: 

11,S(),   :    K,('r,(),  =  KoSC),  +  H2O  +  2Cr03. 

The  crv-tals  an-  draiiuMl  011  j^orous  tiles,  washed  with  nitric  acid. 
ami  tiini  fivrd  iVnm  nitric  acid  by  h(»at. 

(Iirniiiiuin  tri(^\id  is  a  mass  of  rod  n(H*dkvshap(*d  cr\*stals 
wliii'li  iiicit  at  P.)'J^  and  (1(H'oiu])oso  above  250°.  Its  specific  izra\- 
it y  is  J. 7s.  It  is  a  <tr(niir  oxidizer  and  is  readily  reduced  by  organic 
s\il)>tanc('S  and  other  reducin^:  aireiits. 

ACIDS    ol'    <  HROMIUM    AND   THKIK    DERIVATIVES. 

Chromites.  -Acidic  ciironiic  hydroxid  forms  a  few  compounds 
called  (hroftiiffs.     Tliey  result  from  the  direct  union  of  the  oxids 

or  liydi'nxids: 

ZnO    :   (Y,(),    ^  Zn(Y,0,:     2K()II  4-  CrA  =  KjCrfi,  +  H,. 

i'lie  more  important  of  tliese  compounds  arc  the  chromites  of 
sodium,  potassium.  amnKHiium,  zinc,  iron,  and  manganese. 
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Chromic  Acidj  H^CrO^,  is  iiupposed  to  be  formed  when  the  tri- 
tid  dissolves  in  water,  CK),  4-  H^O  =  H^CiOi*  On  evapnrtitiiig 
le  i^jlu lion  the  acid  deconipi'>i^s  and  the  trioxid  crysJtallizes  out. 

Chro mates. ^Wlule  chromit*  acid  has  not  been  bolated,  its 
|lts  are  quite  numerous  and  wilt  be  described  in  connection  with 
iie  tiietaLs  which  form  them.  The  aeici  is  dibasic,  but  yields  only 
ynnal  salts.  It  ha^j  a  tendency  also  to  condense  two  or  more 
|iolccutcs  together. 

IT /'4 

Chloro-chromic  Acid,  ,.^rOj,  is  the  analogue  of  chlor- 

Bulfonic  acid,  ^^^J^  NgQ,,  and  might  be  called  chUyr-chmnmnw  mid, 

has  not  been  isolate,  but  it^  salts  are  well  known.  Potassium 
iloro-chjomate  Ls  fiirmed  by  the  action  of  hydnyehloric  acid  ujK>n 
iiaij^iiim  dichromate,  or  by  the  action  of  ehromyi  chlorid  upon 
:>ttti5sium  chlorid: 

KCl  +  CrOjCla  +  H,0  =  2Ha  +  KCrO,CL 
is  a  red  erj-^stalline  salt  of  specific  gravity  2.5. 
Chromyl  Chlorid,     .^OrO,,  is  prepared  by  distilling  a  mix- 
ture of  sodium  chloHd,  potassium  dichromate,  and  strong  sulfuric 
L     It  is  n  red,  mobile,  fumitijr  liquid  which  boils  at  118°  and 
a  sfjocific  gravity  L9.     It  ilii^olves  iodhi  antl  clilcirin  ami  de- 
5mpo^*s  with  violence  in  contact  with  water,  phosphorus,  sulfur, 
:  sulfid,  anmionia,  alcohol,  and  organic  matters  genenilly. 
„       .-  a  vigorous  oxidising  and  chlorinating  agent.   When  heated 
a  cloaed  tube,  it  is  converted  into  trichromyl  chlorid,  Cr^O^Clj, 
black  amorphous  deliquescent  powder,     Flun,  bromo.  and  iodo 
bhrnnuites,  a*^  well  as  chrcunyl  fluoride  have  been  descril>ed. 

Perchromic  Acid*— When  hy<!rogen  peroxid  is  added  to  a  dilute 

|f{ueous  solution  of  chromium  trinxid,  or  to  a  solution  of  potassium 

ichromate  acidulated  with  sulfuric  acid,  a  deep-blue  solution  is 

ibtaineil.    This  blue  substance  haa  been  called  p^rckrortm  acid  and 

lie  ftirrriula  HCH)j  has  been  assigne<l  to  it.     It  is  more  pmbal>ly 

nicilecular  con)pound  of  hydrogen  peroxid  and  chromium  trioxi*! 

VATjnng  pmportions,  possibly,  Hj02,2CrC>,.    When  diluted  with 

rater,  or  when  evaporate*!  oxygen  is  given  off,  chromimn  trioxid 

ncnl  and  the  blue  color  disappears*    With  alkalies  alkaline 
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chromates  arc  fonncd  with  the  evolution  of  oxygen.  The  forma- 
tion of  tliis  c(»inpound  affords  a  delicate  test  for  chromic  add  and 
hydrogon  f)or()xid. 

Illustration.— To  an  acidulated  solution  of  potassinm  dichromate  add 
some  hydroguu  |)eroxide  aud  shake  the  blue  solution  with  ether.  The 
ethereal  solution  is  beautifully  colored,  but  the  color  soon  fades. 

Dichromic  Acid,  lUCrPj,  Is  theoretically  obtained  by  taking 
a  molecule  of  water  from  two  molecules  of  chromic  acid.  It 
exists  only  in  solution  and  has  nnt  been  isolated. 

Bichromates  are  fonued  by  the  action  trf  acitls  upon  chromates. 
They  are  colored,  cr>stalliiie  salts  ni(»stly  soluble  in  water.  Potasr 
sium  dichromate,  Ivj^'r,!.);.  is  the  one  of  greatest  importance. 

Chromate  and  Dichromate  Ions. — The  yellow  chromate  ion  is 
converted  by  hydn>gcn  ion  into  the  red  dichromate  ion  as  follows: 

2Cr( )/'  -f  211  •  =  Cr/)/'  4-  2H0'. 

It  is  for  tht;  reason  that  chromates  are  changed  into  diehromates 
by  acids,  l^ven  a  water  s(dution  of  a  chromate  imdei^goes  this 
change  by  hydrolysis  and  becon^es  alkaline: 

2CH  )/'  +  lU)  =  Cro(  V  +2H0'. 

P»oth  reactions  are  revcrsihlr'  and  a  dichnmiate  solution  may  be 
acid: 

CrJ )/'  + IL()  =  2CH  V'+2H\ 

A  water  solution  of  cither  chromate  or  dichnnnate  will  therefore  con- 
tain l>(»tli  chromate  and  dichromate  ioas. 

CIIUn.MlLM    WITH    THK    SULFOIPS   AND   XITROIDS. 

Chromium  forms  scvrral  compounds  with  sulfur  and  two  \i-ith 
selenium.  It  docs  not  unite  to  nitrogen,  but  fonns  phosphid,  car- 
bid,  and  silicid,  which  resemble  the  corresponding  compoimds  of 
iron. 

MOLYHDENUM. 

Symbol  Mo.  Atomic  weiglit  96.  Valence  11,  IV,  VI.  Specific  grav- 
ity HA). 

Occurrence. — Moly])(lonum  docs  not  occur  free  upon  the  earth. 
The  spcctn)s('o|)r  Miows  it  t(»  <'xist  in  the  sun.  The  principal  ore  is 
viobjbihhlti .  MoS...  ( )tlicr  native^  compounds  are  wolfenite,  PbMoO*, 
jHtUmitr,  (/oM<.)(.>4,  and  tuohi^div  ochcr,  MoOj.     It  is  also  found  in 
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small  quantities  in  many  iron  ores.  The  chief  localities  are  Sweden, 
Norway,  Bohemia,  and  the  New  England  States. 

History. — The  word  molybdenum  is  from  the  Greek  and  means 
lead.  The  term  was  applied  in  earlier  times  to  any  mineral  which 
had  a  lead-like  appearance,  such  as  galena  (lead  sulfid),  graphite, 
antimony  sulfid,  and  molybdenum  sulfid.  The  element  was  first 
separated  by  Hjehn  in  1782. 

Preparation. — Molybdenum  is  prepared  by  reducing  the  tri- 
oxid  or  the  chlorids  at  a  red  heat  in  a  current  of  hydrogen,  or  by 
strongly  heating  the  trioxid  with  carbon  in  a  graphite  crucible. 
To  obtain  molybdenum  from  the  ores,  they  must  first  be  oxidized 
to  the  trioxid  by  roasting  in  the  air. 

Properties. — Molybdenum  is  silver  white,  lustrous,  very  hard, 
and  almost*  infusible,  and  has  a  specific  gravity  8.6.  It  is  insoluble 
in  water,  and  in  hydrochloric,  hydrofluoric,  and  dilute  sulfuric  acids; 
soluble  in  strong  sulfuric  acid,  nitric  acid,  aqua  regia,  and  potassium 
hydroxid.  It  combines  directly  with  oxygen,  chlorin,  and  bromin, 
but  not  with  iodin.  It  is  imchanged  in  the  air,  but  when  heated 
tarnishes  and  biums  to  MoOa-  It  forms  alloys  with  aluminum, 
copper,  platinum,  gold,  and  silver. 

MOLYBDENUM  COMPOUNDS. 

Molybdenimi,  like  chromium,  is  mainly  basic  with  the  valences 
n  and  IV,  but  strongly  acidic  with  the  valence  Yl,  In  its  positive 
character  it  forms  few  compounds  except  with  the  negative  ele- 
ments. With  these  it  enters  into  many  double  combinations.  As 
a  hexad  it  forms  the  molybdic  acids,  of  which  there  are  numerous 
complex  derivatives.  Indeed,  no  other  acid  has  so  many  deriva- 
tives imless  it  be  silicic  acid.  A  description  of  the  molybdates 
alone  would  fill  a  small  volume. 

The  only  compounds  of  commercial  importance  are  molyb- 
denimi trioxid,  MoOg,  and  ammonium  tetramolybdate,  (NH4)2Mo40i8, 
which  are  used  in  analytic  chemistry  in  the  determination  of  phos- 
phorus in  phosphates,  fertilizers,  and  irons. 

•  MOLYBDENUM    HALIDS    AND   OXYHALmS. 

Flttorids. — Molybdenum  hexafluorid,  MoFg,  is  obtained  by  passing 
fluorin  gas  over  molybdenum  at  60°  and  condensing  the  product  at 
—  70^.  It  is  a  white  solid  which  melts  at  17**  and  boils  at  So"*.  The 
oxyfluorid,  MoOjFj,  is  obtained  by  heating  MoO,  with  metallic  fluorids. 
MoOF^  is  obtained  by  heating  MoOCl^  with  anhydrous  HF. 
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Chlorids. — ^The  foUowing  chlorids  have  been  prepared : 

Molybdenum  dichlorid,  MoClj,  a  bright-yellow,  non- volatile  poiwder. 

MoUjlHlenum  trichUirid^  MoCl,,  a  dark  reddish-brown  powder. 

Molybdenum  tcirachlorid,  MoCl^,  a  brown,  deliquescent  solid. 

MolyMcnum  j^entachlorid ,  MoClj,  a  black,  cr^-stalline  solid. 

Oxychlorids. — The  oxychlorids  are  as  follows: 

Broun  oxychlorid,  Mo^(>/lj;  i*iolet  oxychlorid,  yiofijd^;  yellow  axyMandf 
MoOjCl^:   green  oxychlorids  MoCKl^. 

There  are  several  hydroxychUrrids,  of  which  Mo(OH),Q,  and  'hlLoJPE)f\ 
may  be  taken  as  examples. 

Bromids. — Three  molybdenum  brpmids  are  formed  by  the  direct  union: 

Molybdenum  dibromidf  MoBr^,  a  yellow  powder. 

Molybdenum  tribromidj  MoBfa,  dark-green  crystals. 

Molybdenum  tctrabromid,  MoBr^,  black,  lustrous  needles. 

There  is  one  oxyhromid,  MoO.Br,,  yellow  deliquescent  ciyBtala. 

The  hydroxybromids  are  similar  to  the  hydroxy  chlorids. 

Mixed  Hahds. — Among  the  mixed  halids  of  molybdenum  are': 

Molybdenum  fluobromid,  MojKjBr^ ,311^0. 

MolyMenvm  chlorotetrabromid ,  Mo3(.'loBr4,3HjO. 

MolyMcnum  chlordtrom  hydroxid,  Mo3Cl4Br(()H),2H,0. 

Molybdenum  iodochlorid^  MoI/1^,3H20. 

Molybdenum  iodobromid,  MoIjBr4, 

OXIDS   AND   HYDROXIDS   OF  MOLYBDENUM. 

Oxids. — Four  uxicLs  of  niolybdeiiuni  have  been  isolated. 

Mnhjbdi  niim  mono.rid,  MoC),  a  brown  iH>w(ler. 

Mohihihnum  .seaqfiioxidy  MojOj,  a  black  or  yellow  solid  obtained  by 
rcduciiij^  MoO,  with  liydrogen  or  ziuc. 

Mn/yh(/(/H/m  (linxid,  MoOa,  a  (lark-brown  powder  also  obtained  by 
r(.'(Juciii;4  MoOi. 

M(»hjh<lnnim  trw.rfd,  MoOa,  formed  by  burning  molybdenum,  or  by 
roast  in;:  Mo.S  in  \ho  air.  It  is  a  light,  white  solid  of  specific  gravity  4.39. 
It  suhliiiM's  when  boated  and  molts  at  a  red  heat.  It  dissolves  in  500 
parts  c(.ld  and  in  9(»()  j)arts  liot  water.  The  solution  has  a  metallic,  acid 
taste.     It  dissolves  in  acids  and  alkalis. 

Hydroxids.— The  first  thr('(»  oxids  of  molybdenum  form  basic 
hydroxids.  Tn(\v  dissolve  in  acids,  forming  salts  which  are  not 
very  well  (IcfiricHl. 

Mnhjbdoits  hydroxid,  Mo(01I)a,  is  formed  by  treating  MoBrs  with 
KHO. 

Mitlyhdir  Jti/th'o.rfd,  Mo-fOlDe,  is  a  black  solid  obtained  by  treating 
MuCl,  with  liydroehloric  acid  and  zinc. 

A  v;u'i:d>1e  liydroxid  of  molybdenum  dioxid  is  obtained  by  treating  the 
pentaclilorid  with  ammonia. 
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MOLT00IC  ACI0  AND   THE   M0I»YBi4aTES* 

Molybdic  Acid  J  IfjMotJ^. — The  onlyaeid  of  mnlybtleninn  is  the 
one  foniieti  by  liydratiti^  the  Irioxid.  There  are  many  hythatos, 
either  rwil  t>r  hypothetical,  which  give  rise  to  complex  salts*  The 
fidinpteet  one  is  the  cortJition  rti<»lybilie  acid,  H^Mo(>|.  This  rtmi- 
pound  is  precipitated  wheiL  aninioiiiuin  niolybdate  is  gently  heate<i 
for  a  long  time,  or  when  it  is  treated  with  nitric  acid.  It  fonnw  a 
mass  of  minute  needle vshajjed  crystaL^  antl  is  quite  insoluble  m 
water.  It  is  the  diineta  arid  and  by  further  hydratiuu  the  mono- 
meta  and  ortho  aetds,  H|Mo(\  and  HrMoO^,  an?  fonned. 

Molybdates*— There  are  nom^al,  double,  arid,  and  bask  mnlyb- 
dates  not  only  of  the  above  acids,  but  of  other  hypothetical  acids 
fortiied  by  the  union  and  eondensatjon  of  two  or  more  molecules 
fif  molylxlic  acid.  The  latter  are  called  polyniolybdates.  They 
have  a  stntcture  similar  trO  that  of  the*  polychrtimatc^*  A  few  ex- 
amples arc:  Barium  molybdate^  liaMo(.*4;  sodium  dimolybdate, 
NiijMftjOy :  calcium  trinjolylxiate,  (' ■aMojjO,,,,6H20 ;  uuignedum 
tetraniolybdate,  MgMo^O^jJGHjO;  sixlium  hydrogen  oetouiolyb- 
daU%  NaHi\Io^<\,4Hp. 

Furthermore,  not  only  does  the  molybdie-acid  molecule  multi- 
ply it^f,  but  it  has  at  the  same  time  the  faculty  of  uniting  to 
other  elements  and  molecules  to  form  immerous  compoundB 
of  great  complexity.  There  are  antimono,  arseno,  fiuo,  plioa- 
pho,  siiico»  vanado,  phosphovanado,  phosphostanno,  aluniino, 
ferro,  chromo,  aiiro,  aurl  mangano  molylKlatc?s,  In  these  com- 
ptmnds  the  number  of  molybdenum  atoms  may  run  to  72  or  even 
higlier.  The  general  fonnula  for  one  series  of  phosphomolybdates  is 
wuMi*O8,2FA,nRj0,arH/j,  in  which  m  is  any  even  number  from 
2  to  48,  n  m  generally  6.  but  m^y  be  as  low  as  2*  and  as  high  as  14, 
and  T  niay  run  from  24  to  46. 

Fluomolybdates,— 8ait^  are  obtained  by  dissolving  molyb- 
dates  in  hydrofluoric  acid.  Tlie  .'itmctiHTof  these  compounds  will 
bo  uiiderstomxl  from  the  formula  of  potaissium  fluomolybdate, 
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MOLYBDENUM  WTTH  SULFUR  AND  SELENIUM. 

The  following  compounds  are  described: 

Molybiieniun  disu(fid,  MoSs,  a  black,  lustrous  powder  obtained  by 
heating  a  mixture  of  molybdenum  trioxid  and  sulfur. 

Molybdenum  truttiljid,  Mo8s,  a  black  powder  obtained  by  passing  HsS 
through  a  solution  of  a  molybdate,  thcu  adding  hydrochloric  acid. 

Molybdenum  tetrasulfld,  M0S4,  a  cinnamon-brown  powder  obtained  by 
heating  MoS,  to  100°  in  HaS. 

Molybdvnum  diselenid,  MoSoa,  a  bluish-gray  solid  obtained  by  satu- 
rating acid  ammonium  molybdute  with  HiSc. 

Thiomolybdates. — Several  thiomolybdie  acids  and  niany  tliio- 
molybclates  are  known.  There  are  two  classes  of  these  compounds, 
in  one  of  whicli  all  the  oxygen  is  replacetl  by  sulfur,  while  the  others 
contain  both  oxygen  and  sulfur.  Examples  are  potassium  thio- 
molybdate,  K2MoS4,an(l  sotlium  oxymonothiomolybdate,  Xa^MoOjS. 

TUXCJSTEN    (wolfram). 

Symbol  W.     Atomic  weight  184.     Valence  II,  IV,  VL    Specific  gra?- 

ity  To.  13. 

Occurrence. — Tungsten  does  not  occur  free.  It  is  found  com- 
])in<'(l  in  tiio  minerals  irol/ramitr,  (FeMn)\V04,  ScheeUtc,  CaW(\, 
Stnlzifr.  PbWO,,  and  tuntjstitr  c)r  tinigstic  ochcr,\Yi\.  It  is  often 
associatccl  witii  iron,  inan.Lrancso,  tin,  and  copper.  The  ])rincipal 
localitirs  arc  Cornwall,  England.  Munroe,  Conn.,  and  the  gold 
rcsri'Mis  (»i'  North  Carolina  and  Xrvada. 

History. — Tlir  word  Tnngstt'u  is  from  the  Sweili.sh  and  means 
hniri/  sfDnr.  Tlic  nainr  was  aj^plicd  to  the  mineral  Selieelite  or 
falcimn  tmitrstatc.  In  17S1  Schcole  proved  that  the  mineral  wa.s 
ronijM)<o<l  of  lime  and  a  |)(*('uliar  acid.  In  17S3  the  Spani-sh  chem- 
ists .huni.  .lo<<',  and  I'austo  d'l\lhujar  ol)tained  the  same  acid  from 
tin'  niincrul  wolfram  (iron-inanizanoso  tunjrstate),  and  also  separated 
the  cKMiK'nt.  whicli  was  called  iroljrnm,  whonce  the  symbol  W. 

Preparation.— Tunsist en  is  j^repan^d  ]>y  reducuip:  the  trioxid 
with  livilroircn  or  carbon,  or  by  reducin*]:  the  chlorids  in  the  vai)or 
of  scdiuin. 

Properties.— Tun.irstiMi  is  a  hard,  brittle,  ^ray,  cr^'stalline  powder 
with  nutallic  luster  and  specific  gravity  19.13.     It  does  not  tarnish 
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in  the  air  or  oxygen,  but  burns  at  a  red  heat  to  WO^,  It  conibiiies 
at  high  teiiiijer«tii!TS  with  ehloriu,  broDjm,  atitl  iodin.  It  isosddized 
by  nitric  acid,  hut  b  scarcely  attacked  by  hycbochloric  or  sulfuric 
acid:  dissolves  slowly  in  alkali  hydroxids*  It  forms  alloys  with 
variouit  metals. 


TUI^QSTEN   COMPOITND9. 

The  tungsten  compounds  are  ejcactly  analogoUB  to  those  of 
chromium  and  molybdennm,    A  few  only  neetl  be  mentionetl. 

Halfds  aad  Oxyhalids. — The  following  halids  and  oxyhalids 
are  described: 

7\mgsien  putrid  has  not  been  isolated,  thongh  it  is  probably  formed 
when  th€  trioxid  dissolves  is  hydrofluoric  acid» 

Tttngjxtrn  dichlorid^  WClt,  »  grii)%  amorplioos  powder- 
TungsUn  Utraehli^rkl,  WCU,  mtt,  erjetalline,  gray  powder. 
TiimjMien  jiettia^'hlQfid,  WCI>,  black  neeille*shiiped  crjstnls. 
Ttingitten  hexuehhrkl^  WC1«,  dark  violet  or  sti^<-d-blu»?  crystiils. 
TungHirn  monoxycfdorifi,  WOCI,,  rwl  needle  tsliaped  crystals. 
Tfingititfti  dinityddorid^  WOiCti,  Jenion-yellow  scales. 
TfingAien  dtbromid,  WBri,  black  velyety  solid. 
T9m*jntfn  petitahromid,  WBr*,  violet -browa  needles, 
Ttin^Atc n  rnn unjrijb ro m  hi ,  W O  B r* ,  bl a ck  sb  i n ing  i\ eedles* 
Tungsten  dioxijhrotnkl,  WO^Brst  red  trau  spa  rent  crystals, 
Tfimtsten  d  Undid  ^  WI,,  green  met  a  I- like  solid. 

Oxids. — Tliere  are  only  two  defiiiite  oxJdE  of  tungsten: 

Tungsten  duxrid  (Brown  oiid),  W0»,  is  prepared  by  reducinf  the  tri- 
oxid with  liydrogen  at  a  red  heat,  or  with  zioc  and  hydrochloric  acid, 
It  is  a  brown  or  t^pper~red  powder,  of  ftpeeifle  gravity  12J,  ft  dissolves 
slightly  in  hydrochloric  and  sulf arie  aeids,  yieldiog  purple  solutions.  It 
oxklij&cs  readily  to  WO*.    It  forms  no  liydrate. 

When  WOi  is  partially  reduced  it  forms  the  substance  called  the  hhie 
c«rf</  of  tunjLCMit»n,  It  is  a  miiEture  of  varying  composition  intermediftte 
between  WO,  aad  WOi. 

Tungsf.m  tfi4>xid,  W0|,  oceurs  native  as  tungsUe  ocher.  It  may  be 
prepared  by  burning  lungsten,  or  by  heating  ammonium  or  mercurons 
tiiniiMftte  oT  tnngstie  acid.  It  is  a  canary-yellow  powder,  amorphous  or 
rrystallitie.  of  ftf>ecific  gravity  M4.  When  heated  in  a  current  of  hydro- 
gen it  is  ruduced  first  to  the  blue  oiid*  ttien  to  the  brown  oxid,  and 
Bnally  to  pure  Uirifrsteji.  ll  is  insoluble  in  water  and  acids,  but  dissolvm 
in  fixed  alkalies  and  ammonia. 
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Tungstlc  Acid,  H2WO4. — ^This  compound  is  obtained  when  a 
tungstato  is  treated  with  hot  acid  in  excess.  It  is  a  yellow  amor- 
phous powder  nearly  insoluble  in  water  and  tlie  acids  except  hydro- 
fluoric. 

The  acid  Il4W0t  is  obtaiued  when  an  alkali  tungstate  is  treated  with 
an  acid  in  tlie  cold.  It  is  a  white,  bitter  solid  soluble  in  water,  but  insolo- 
uble  in  most  acids. 

Several  other  acids  have  been  separated,  among  which  the  most  impor- 
tant is  the  so-called  nietatungstic  or  tetratungstic  acid,  H«W«Ois,7HtO, 
formed  by  the  decomposition  of  the  barium  salt  with  sulfuric  acid  or  the 
lead  salt  with  hydrogen  sulfid.  It  is  a  crystalline,  yellow  powder,  soluble 
in  water. 

Tungstates. — ^There  are  numerous  tungstates  and  pol3rtungstatcs 
which  are  analogous,  to  the  corresponding  compounds  of  molyb- 
denum, and  need  not  be  treated  in  detail.  While  the  basicity  of 
the  niolybdates  is  generally  two,  that  of  the  tungstates  tends 
to  rise  along  with  the  number  of  tungsten  atoms.  We  have 
for  example,  sodium  tungstates  as  follows:  NajWjOy,  Na4W,0|„ 
NartW7C)24,  Na^oWiAp  etc.      . 

Tungsten  Bronzes. — Alkali  tungstates  combine  with  tungsten 
dioxid  to  form  Ix^autifully  colored  substances  which  have  been 
used  as  substitute's  for  bronze  powders.  Examples  are  sodium 
tuft(fst(n    bronze,  Nao\\V  ^y^VOj,    ^^^^^    potassium    tungsten    brojize, 

Sulfids  and  Selenids. — Two  sulfids  and  one  selenid  are  de- 
scribed: 

TuHustvH  disulfide  WSa,  soft,  black  acieular  crystals. 
Tunt/sfen  triaulfid,  WS>.  a  black  powder. 
Tfi/if/sfHi  sfletnd,  WSca,  a  gray  solid. 

Thiotungstates. — The  thiotungstates  are  formed  by  dissolving 
tungsten  trisulfid  in  alkali  hydrosulfids.  Common  examples  are 
pofdssiutn  thiotungstatCf  K2WS4,  and  ammonium  oxydithiotungstaie, 

(i\II,).WS,()2. 

URANIUM. 

Symbol  U.  Atomic  weight  239.  Valence  IV,  VI,  VIII.  Specific  grav- 
ity 1H.:{3. 

Occurrence. — Uranium  is  a  rare  element  not  found  free.  Its 
principal  ore  is  pitch  blend,  which  is  an  impure  uranoso-uranic 
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oxid,  UjOg,  found  in  Cornwall^  England,  in  several  European  local- 
it  ies»  and  in  North  Carolina  and  Connecticut. 

Histoiy*— Ktaproth^  m  1798*  founfl  in  the  mineral  putt')*  blerid 
a  |>ecuUar  metal  to  which  he  gave  the  nanie  uranium,  after  the 
planet  Uranus^  which  Iler^chel  had  discovered  a  few  years  before. 
Tlie  twidy  which  he  obtained  was  the  oxid  of  uranium,  and  it  was 
not  until  1S42  that  the  metal  was  teally  separated  by  P^ligot. 

Prtparation, — The  preparation  of  uranium  from  it6  ores  in- 
voIvRj*  a  rather  complicatetl  process.  In  small  quantity  it  may  be 
obtained  by  the  action  of  |3otassium  or  sodium  upon  urangus 

Properties* — I'raniuni  h  a  hard»  malleable,  nickel- white  solid 
of  i?i[^ecific  gravity  18.33.  It  does  not  tarnish  in  the  air,  but  burns 
l>riglilly  when  hpateilp  forming  the  green  oxid  U^O^.  It  unit^ 
directly  with  chlorin  and  sulfur  when  heated  with  them.  1%  h 
.sfiluble  in  nitric  and  hydrochloric  acids,  but  not  in  alkalis.  It 
(Tt^ncrally  contains  more  or  less  of  radiucn  and  emits  what  are 
knomi  as  uraiiium  rays* 

URANIUM  COMPOUNDS. 

The  compounds  of  uranium  are  very  similar  to  those  of  molyb- 
denum and  tungsten,  but  have  many  special  peculiarities?.  There 
im*  unmotis,  uranie,  and  peruranic  compounds  as  the  valence  is 
IV,  \^,  or  VIIL  The  uranium  ion  U*"  has  a  fine  green  color,  and 
there  Is  a  basic  urany!  ion  UO^-  which  is  yellow  with  a  green 
flunrescence.    Complex  inns  are  numerous. 

HjiUds* — Those  compounds  are  moetly  tetrahalida.  Uranium  unites 
dirtvtly  with  fluorin,  chlorin,  iind  bromin»  but  not  with  iotlin.  The  com* 
pounck  VF^,  UCl^,  UBr^,  und  abo  I'fil^*  and  UCI^,  have  been  prepared. 

Osids  acd  Hydro»4s,  —  Uranium  fornix  three  definite  oxids,  the  firet 
bftBlc,  the  9«^coiid  bu«ic  aad  acidic,  and  the  third  acidic, 

UrtinotiA  osid,  UO,,  h  olitained  by  reducing  the  green  oxid  U^t,  or 
ttmnic  oxalate  in  a  cnrrent  of  hydm^en.  It  is  a  brown  or  red  powder  of 
»p<?cdic  gnivrty  1(1.15.     It  readily  oxidizes  to  XJfi^ 

VmnouM  hydroxide  U(IIO)^, — When  an  alkali  is  added  to  a  solution  of  a 

jimnoiis  «aJt,  a  green  prw*ipitate  falls  of  U(HO)(  which  turns  reddish  brown 

sr*u»i*  of    ti!ifw  o.vidHtion.      It  dj&^olves  in  aeids,  forming  green  uranoiu 

ltd,  of  which  uranoua  eylfatc,  U(SO(),,  is  an  example. 

Uramc  arid*  UOj,^  or  Uranyt  oj:td,  (UO^)O.  Ib  obtained  as  £i  brownlsb* 

VtfUcyw  powder  by  heating  urany  I  hydroxld  or  nitrate. 
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Uranyl  hydroxid,  I'OjfHO'),,  or  I'ranic  acid,  H^UO^,  is  obtained  by 
gently  heating  the  nitrate.  It  is  a  yellow  solid  of  specific  gravity  5.92. 
It  is  both  baeic  and  acidic,  forming  uranyl  salts  and  uranates. 

Uranyl  salts. — The  bivalent  radical  VO^  acts  like  a  positive  element 
to  fonn  salts.  These  are  usually  yellow,  and  when  made  a  constituent  of 
glass  impart  to  it  a  beautiful  fluorescence.  Examples  are  the  uranyl  halids. 
U(),Fj.  ro.n,.  r(),Br..  and  uranyl  sulfate,  UO^^O,. 

Tranyl  forms  with  phosphoric  acid  the  8alt,r(\.HPO^,  insoluble  in  acetic 
acid.  In  the  pn'sence  of  ammonia  the  compound  rO,rNH4)P04  is  formed. 
This  action  is  used  in  the  volumetric  estimation  of  phosphoric  acid.  Acetic 
acid  and  ammonium  acetate  are  added  to  the  phosphoric  acid  solution  and 
a  solution  of  uranyl  nitrate,  rO^,(N03^2,6H.O,  of  known  strength  is  added 
until  a  droj)  of  the  solution  gives  a  red  color  with  potassium  ferrocyanid 
(uranyl  ferrocyanid). 

Ura7iat€s.—\jT&iiSiiea  are  precipitated  by  alkalis  from  solutions  of 
uranic  or  uranyl  salts.  The  diuranates  are  the  most  common,  though 
many  complex  polyuranates  are  known. 

Uranoso-uranic  oxiiJUf^—Vvanoua  and  uranic  oxids  form  yarions  mix- 
tures, of  which  the  two  following  are  the  bcstknowu  : 

Black  oxid  of  uranium,  UiOt,  or  UOi,UO«,  used  for  painting  on 
porcelain. 

Green  oxid  of  uranium,  UaOs,  or  UOf,2U03,  found  in  pitch  blend. 

Peruranic  oxid  and  acid, — White  crystalline  peruranic  axid^  UO4, 
and  yellow  taiTahiisic peruranic  acid,  H^UO.,  are  known  but  have  not  been 
well  studied. 

Pt-r uranates. — Tliese  compounds  are  formed  by  oxidizing  the  uranates 
with  hvdrogen  peroxid.  Examples  are  sodium  pcruranate,  Na4UOi,8HiO, 
and  uranyl  sodium  peruranate.  (U02)NaaU08,(>HaO. 

Uranium  and  .Sw////r.— Several  compounds  of  uranium  and  sulfur 
have  been  (iescri])ed.     Only  two  need  be  mentioned  here  : 

UranoNjf  an /fid.  US,,  an  amorphous,  dark-gray  powder  obtained  by 
heating  uranium  in  sulfur  vapor. 

Uranyl  snifiil,  UOaS,  precipitated  by  ammonium  sulfid  from  a  solution 
of  uranyl  nitrate. 


CHAPTER  XXVI. 

GROUP  V  B.    THE  NITR0ID8.    NITROGEN  GROUP. 

Nitrogen  14.  Phosphorus  31.  Arsenic  75.  Antimony  120.  Erbium 
166.     Bismuth  208. 

In  the  members  of  this  group  we  have  again  a  fine  illustration 
of  the  gradation  of  properties  characteristic  of  the  periodic  system. 

In  electric  quaUty  nitrogen  is  extremely  negative  and  bismuth 
decidedly  positive,  while  arsenic  and  antimony  are  both  negative 
and  positive  and  are  sometimes  called  metalloids. 

As  to  valence,  these  elements  are  normally  triads,  but  the 
valences  one  and  five  are  usually  found.  With  nitrogen  particu- 
larly and  to  a  certain  extent  with  phosphorus  the  valence  does  not 
seem  to  be  very  definite.  Nitrogen  exhibits  successively  the 
valences  I,  II,  III,  IV,  and  V. 

In  physical  properties  the  gradation  is  well  marked.  As  the 
atomic  weight  increases,  the  specific  gravity  increases,  and  the 
metallic  character  also.  The  compounds  of  arsenic,  antimony, 
and  bismuth  are  isomorphous.  Some  of  the  physical  constants 
are  shown  in  the  following  table: 


Nitrogen. 

PhOB- 

phonis. 

Arsenic. 

Anti- 
mony. 

Erbium. 

Bismuth. 

Atomic  weight 

Specific  gravity 

iH^Dsity 

14 

0.885  (Liq.) 

14 

-  198' 
2 

81 
1.82 

62 
0.202 

45- 

4 

75 

5.7 

150 

0.088 

600' 

4 

120 
6.7 

0.058 
425* 

166 

208 
9.8 

Specific  heat 

0.081 

MeltiDfiT-Doint 

270* 

Atoms  in  mol 

The  elements  of  this  group  form  many  similar  compounds,  the 
chief  differences  being  due  to  the  increasing  positive  character  as 
we  go  towards  bismuth.     Nitrogen  forms  strong  acids,  while  bis- 
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mutb  is  almost  wholly  basic*  The  hydrogen  compounds  are  aU 
alkaline,  while  those  of  groups  seven  and  six  are  acid  in  character. 
The  chlorine  compounds  are  unstable  and  \Tgorous  chemical 
agents. 


NITROGEN. 

Bjmbol  N.  Atomic  weight  14.  Molecular  weight  28*  Valence  I,  in, 
V.     Density  14    Liter  weighs  at  0*"  »nd  700  mm.  I3m. 

Occurrence* — Nitrogen  occurs  free  in  the  air,  of  which  it  fonna 
about  four  fifths^  and  in  solution  in  all  terrestrial  waters  *  The 
spectroscope  shows  it  to  exist  in  some  nebulsE*  and  probably  in  the 
sun.    The  gas  in  the  swiJii-bladcler  of  fkhes  m  mostly  nitrogen. 

Combinefi  nitrogen  occurs  in  many  minerals,  chiefly  as  nitratei 
and  it  is  an  essential  eonetituent  of  the  protoplasmic  and  albu- 
minous portions  of  the  bodies  of  all  plants  and  animals.  The  prin- 
cipal native  eompoimds  are  mio'  or  ^ultpeUr,  KNO^,  and  amtnonium 
nitrate,  NH^NO^,  which  are  very  widely  distributed;  and  sodium 
nitwit:  or  Chile  saUpeier.  which  is  found  in  large  cicposits  in  ChUe. 

History,— In  1772,  Dr,  Rutherford  of  Edinburgh  showed  that 
aft-er  air  had  been  breathed  for  some  time  by  an  animal,  and  the 
carbon  dioxid  removed  by  potassium  hydroxid,  there  remained 
a  gas  which  supported  neither  life  nor  combustion.  He  called  it 
mephiik  air.  Scheele  showed  that  this  gas  wi^  a  constituent  of 
the  atmosphere  and  Lavoisier  demoiLstrated  that  the  air  was  com- 
posed mainly  of  two  gases,  one  of  which  supports  life  and  combus- 
tion, while  the  other  does  not.  To  the  latter  he  gave  the  name 
azote,  which  means  not  suppariing  life.  This  name  is  still  usetl  in 
France.  The  name  nitrogen  (niter  maker)  was  given  by  Chaptal 
to  tlie  element  because  it  was  found  to  be  a  constituent  of  niter 
CKNt\). 

Preparation. — Nitrogen  is  most  simply  obtained  from  the  air 
by  removal  of  the  oxygen.    This  may  be  done  in  several  ways: 

1.  By  burning  phosphorus  in  confined  air.  The  phosphorua  combmeB 
with  the  oxygen  to  forra  solid  P^On  and  the  nitrogen  remains  mixed  with 
Email  quatititiea  of  otiier  g&aes  (carbon  dioxid  and  argon). 

2.  By  passing  air  over  heat^jd  copper.  The  copper  unites  to  the  oxygen 
to  form  copper  oxid»  CnO^  and  the  nitrogen  jiassea  on. 

3.  By  shaking  air  with  a  solution  of  cuprous  chlorid  in  hydrochloric 
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The  oxygen  is  absorbed  witli  the  formation  of  water  and  cuprio 
eblorid : 

CU.C1,  +  2HC1  +  O  =  H,0  +  3CaUJs. 

Cheiijicaliy  aitn)gen  may  be  prepared  in  nmny  wajB: 
1.  By  Le^aiug  aaiuiQuitim  iiUrite  or  a  mixture  of  aiamouium  cblorid 
and  sodium  nitrita: 

NHtNOa  +  2H*0  +  N«; 
NH4CI  +  NaNO^  =  NaCl  -h  3HiO  +N5, 
3«  By  beating  ammonium  nitrate  with  ammonium  eblorid : 

2NH*N<i,  -h  NH.Cl  =  Gl  +  6H,0  +  5K 
3,  By  beating  aiumoniuai  die hr ornate  or  a  mixture  of  potaasiam 
dicbromat€  and  uQimoiiktm  chlortd: 

(NH<),0r,O,  =  Cr,0,  +  4H,0  +  N.. 
4*  By  deootnpoBiug  amuiotim  sviiU  cbloria : 

2NH.  +  6a  =  6HUl  +  Ni. 

For  lecture  purposes  nitrogen  may  be  prepared  by  floating  a 
bit  of  phosphorus  on  a  fiat  cork  in  a  basin  of  water,  igniting  it,  and 
inv<*rtiiig  over  it  a  cylinder^  The  water  dissolves  t!ie  phosphoric 
oxid  and  rises  in  ttic  ves.scl  as  the  oxygen  is  consimieii.  When  the 
jicrioti  ia  finished,  the  mouth  of  the  cylinder  is  closed  with  a  glass 
pLate  and  the  ey Under  inverted. 

A  purt*r  nitrog«*n  is  (jbtained  by  aspirating  air  through  a  tub© 
containing  copper  heated  to  reilneas.  Tlie  air  should  be  passed 
thruugh  rnlje^  cfintainlng  potassium  hydroxid  and  sulfuric  acid 
to  reniove  carbon  tlioxid  and  nioigture.  If  dry  nitrogen-  is  desired, 
the  air  may  l*e  tlriven  from  a  gas-holder  and  the  nitrogen  dried 
with  sulfuric  acid  and  collected  over  iuereury. 

To  pn^pan*  nitrogen  by  the  ehetnieal  reactions,  heat  the  nia- 
tcrialii  in  a  flask  furnished  with  a  delivery-tube  and  collect  the 
iiitrt»gen  over  water. 

In  preparbig  nitrogen  by  the  action  of  ehlorin  on  anin\onia« 
pa»s  the  ehlorin  from  the  generating  flask  first  through  water, 
then  into  the  bottle  containing  strong  aqueous  ammonia,  and  collect 
the  nitri)grn  over  water.  In  this  ojjeration  care  must  be  taken 
to  have  the  ammonia  always  in. excess,  otherwise  the  highly  ex- 
pk^i%*e  and  dangerous  nitrogen  elilorid  may  be  forme<:L 

Physical  Properties.— Xitri)g*'n  is  a  colorless,  odorless,  tast-eless 
gBk36  o(  **jieeific  g^a^ity  0.971  (air  ^1),  Its  density  is  14,  and  there- 
f..^.  ihe  molecule  contains  two  atoms.     One  hundred  volumes  of 
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"  i-.-r   ::--  L'  --  J  v  l-'^ir-i  A  zi:n?g»rEi  at  (f  and  1.5  volumes  at  13®. 
I:  L=  :.:•  r-r  ?«  L :  i-r  lh  dlt»i.hi:L  ICn)  volumes  dissolving  12  volumes. 
T'-"-r    r.-:  .:i.  •-::. ;"*.rd:::re  in»i  pressure  of  nitrogen  are  —  146.3* 
ar.'i  o.^   ^-i:.  ^:  ..•  T:^.     Li-;*:;'!   nitn.^sen   is   limpid   and  colorless, 
-  r  i^lz^r'^r  .  1 .-.  ^r.  i  ;:j<  d  sc^ividc  gmvity  O.SSo.     It  boils  at  —  193° 

Chemical  Properties. — Fn?e  mtn.wn  is  one  of  the  most  inactive 

•  f  ill  ::>  '.^»  r.:.  L.*^-  I:  :.>e*  not  bum.  and  supports  neither  respi- 
ra*i-  :.  :.  r  .■  n.  >::  -.  I:  oocibines  directly  ^ith  veiy  few  ele- 
nif:::-?.  A:  ::>;  Lijii  tciiipeRivare  of  the  electric  spark  it  unites 
rit  •viy  '\-\'':i  x}'^-::  ■  r  iiy-in.^^u.  It  combines  at  a  red  heat  T\ith 
a  :V-'.v  ::.r-"al>.  -;:;L  a^  macriesium  and  lithium.  Nearly  all  its 
«;i  ::.:  •  ::.  L-  are  •::is":al  Ir  aiiL  ohemically  active.  It  is  a  constituent 
'I  -:-.:.i'- V  1  r.  :.:::■  cly«.vr::i.  and  most  explosives.  Its  valence  is 
i:.  i:~-  :v:.-.  ra:.^:::^  :r':i:  no  to  Gve.  and  it  readily  changes  valence 
::.  ;:!--::.::  f"  ::.  .no  o  :v.p«".i::d  to  another,  as  when  ammonia  and 
hy,:r  ,. ::    .::1.  r:  i   ::::::o.   N    H,  -  HCl  =  X^H,C1. 

lUuitrations.— Tlif  efoo:  of  nirwgen  upon  combustion  is  shown  by 
Iowvr:"_:  a  "-.irr.'.oii  Mivr  in  :i  vessel  of  the  gas. 

T;-.-  •;:.:■:.  ■•:  :.::r  -zkw  with  oxy^rtn  may  be  shown  bypassing  electric 
.-piirk?  ■":.:  •  :^-:.  x  >;  :.:::.■•:  :«r:;'. ::  o:  air.  A  eudiometer  tube  may  be  used. 
!:•:•]  :" .:...-  :  '".r  'X.  i  -■  •  :i ;::  ivar.  If  the  open  arm  of  tbe  tube  be  filled 
V.::..  :..'r.  .ry  ::.•.•  .i-.::.'::  :>;•.:•:•:' I  ty  the  pressure. 

Physiological  Properties. — Xitroiron  passes  in  and  out  of  the 
I'.:..'  V.:*:.  ■  ;•  .  r", . '.     Wruri  pure  iiitrogon  is  breathed,  it  produces 

.-:::.■:*":  : :  : : : .  i  a  - :  •  i :  y  \  ia  iunw  ^i  1 1 1  pie  want  of  oxygen. 

Uses. —  I'.*-  rriii.'ii'al  r.so  <if  \vv\'  nitrogen  is  to  dilute  the  oxygen 
<'X  •!..-  ;:!:■  Li:.  !  :i.'i^  .ii::u!:i^h  its  ai^tivity. 

Tests. — T:..  r.  i<  !-.•  >tH«ial  tost  for  free  nitrogen.     It  may  gen- 

f-raliy  !■»■  r«-'-'c:ii.:.."i  ly  its  inactivity. 

MTKi^tlKX   COMPOrXDS. 

Nitp.L^i  11  i-  «!if:!:.irally  inactivo  and  its  compoimds  are  all  un- 
e^iMl.lf.  I^  11. i-..^  -.virii  \\^^^<x  ^^^  the  non-metals  and  with  but  few 
of  ill'*  iij^titl-.  It  has  a  <tpfnir  tendency  to  form  radicals,  especially 
wirli  hy«lroi:<ii.  ^*\y\n-n,  an<l  carlxm,  and  in  this  way  enters  into 
an  iniiiifii-e  rjnmlicr  of  compounds.  These  radicals  separate 
rra'Tily  a-  a'ti'vc  i"im.  and  thus  nitrogen  compounds  are  among  the 
most  rner;:'tif  f)f  cliemiral  airents. 
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COMPOUNDS  OF  NITROGEN  WITH  HYDROGEN. 

There  are  five  combinations  of  nitrogen  with  hydrogen,  two  of 
which  are  univalent  radicals  which  act  like  elements  and  form  nu- 
merous compounds.    They  have  names  and  formulas  as  follows: 

H 


Ammonia, 

N'"H, 

H— N— H 

Ammonium, 

(NvHO' 

1>,<1 

Amidogen, 

(N"'H,)' 

I5>N- 

Hydrazin, 

N,'"H, 

lS>-N<i 

Hydrazoic  acid. 

N/"H 

AMMONIA. 

l!>N— H 

Formula  NHa.  Molecular  weight  17.  Density  8.5.  Liter  weighs  at  0° 
and  760  mm.  0.76  grams. 

Occurrence. — ^Ammonia  scarcely  occurs  free  because  of  its 
strong  disposition  to  unite  to  water  and  carbon  dioxid  to  form  the 
hydroxid  and  the  carbonate.  As  the  hydroxid  and  as  ammonium 
salts  (carbonates,  nitrates,  nitrites,  sulfates,  and  chlorids)  it  is 
widely  distributed  in  small  quantities  in  atmosphere,  waters,  and 
soils.  It  comes  from  the  fumaroles  in  the  volcanic  regions  in 
Tuscany,  and  considerable  deposits  of  the  chlorid  and  sulfate  are 
found  in  the  vicinity  of  active  volcanoes.  Ammonium  compounds 
are  always  formed  in  the  decomposition  of  nitrogenous  organic 
matters. 

History. — Ammonium  chlorid  was  knowTi  to  Geber  in  the 
seventh  century.  It  was  brought  from*  Armenia  and  called  sal 
annenicum.  This  name  was  changed  to  sal  armonicum,  and  finally 
to  sal  ammonicum.  The  last  name  was  applied  to  the  salt  which 
fame  from  the  vicinity  of  the  temple  of  Jupiter  Ammon  in  the 
Libyan  desert.  Aqueous  ammonia  was  afterwards  prepared  by 
distilling  hoofs  and  horns  of  animals  and  thereby  got  the  name 
spirits  of  hartshorn. 
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Ammonia  was  distinguished  from  anmionium  carbonate  by 
Black  in  1756.  Priestl(\v,  in  1774,  collected  it  over  mercury  and 
called  it  alkaline  air.  lierthoUet  determined  its  composition  in 
1785  by  deconiix)sing  it  with  the  electric  spark.  The  name  amr 
mania  was  given  to  the  gas  in  17S3. 

Preparation. — Ammonia  is  obtained — 

1.  By  the  diivct  union  of  its  elements  brought  about  by  means  of  the 
silent  elect rie  discharge. 

2.  By  decomposition  of  ammonium  salts  by  heat,  or  by  alkaline  hydrox- 
ids  aided  by  heat :  Ca(I10)a  +  2N.UCI  =  CaCl,  +  H,0  +  2NH,. 

3.  By  tlic  action  of  nascent  hydrogeu  upon  nitrites  and  nitrates,  as 
when  metals  act  upon  these  compounds  in  the  presence  of  caustic  alkalis: 

XaXO,  +  411,  =  NaHO  +  2n,0  +  NH.. 

4.  By  the  putrefaction,  decay,  and  dry  distillation  of  organic  substances, 
and  especially  of  coal.  It  is  largely  produced  as  a  by-product  of  the  gas  man- 
ufacture, and  most  of  the  ammonia  and  ammonium  compounds  of  com- 
merce come  from  lliis  source. 

Tor  lecture  purjwsos  ammonia  is  most  conveniently  prepared 
by  gently  heating  the  strong  aqueous  solution  or  a  mixture  of 
slaked  linio  and  anmionium  chlorid.  The  gas  is  dried  by  passing 
over  (luicklinic.  It  is  ctjlleeted  by  displacement  in  inverted  vessels 
f)r  ovcM-  nuTcury,  or  is  ('(uuluctod  into  water  to  form  the  solution. 

Physical  Properties.—  Anunonia  is  a  colorless  gas  with  a  very 
jmn^cnt  (MJor  and  a  Imniing  alkaline  taste.  It  is  lighter  than  air, 
its  density  hciiiLr  S..')  and  its  sjHH-ific  gravi-ty  0.589  (air  =  1).  Its 
index  of  refraction  is  !..'{  (air  =1). 

Amnionic  is  very  s(»liil)le  in  water,  alcohol,  and  ether.  One 
volume  water  at  if  dissolves  more  than  110()  volumes  of  the  gas. 
The  solution  is  attended  with  the  evolution  of  heat,  and  when  the 
L^ns  is  exju^jled  from  [ho  wa1(T  heat  is  absor])ed.  By  passing  a  cur- 
rent of  air  throudi  a  stronir  solution  the  temperature  may  be  lowered 
even  to  —  40°.  The  sol\ihility  diminislies  as  the  temperature  in- 
creases until  at  10(P  it  is  0.  As  the  gas  dissolves,  the  water  expands 
so  that  th(^  sjX'cific  <rravity  diminishes  as  the  strength  of  the  s(^lu- 
tion  increas(»s.  The  solution  satiu'atod  at  14°  has  a  specific  gravity 
0.SS4  and  ('(intains  .'{O  ]>er  cent  XIT,.  The  specific  gravity  of  a  ^ 
per  cent  solution  is  i).s\)S.  20  per  cent  0.025.  and  10  ]x*r  cent  0.959. 
The  stroniresl  conunercial  ammonia  has  a  .specific  gravity  0.8S6 
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ad  contains  35  per  vi^ni  NH,.  The  weaker  ammonia  contains 
out  IIJ  per  cent  NHj* 

Amnmnia  is  rather  easUy  liquefied.  Under  a  prf^sstirL*  of  7  at- 
nspherefi  at  16^,  or  4.2  atniosphrrcs  at  0^,  or  tindt*r  oriHnary  press- 

at    —  40^1   it  bfcomes  a   colnrless,  mobile^   ^lig^ily   rpfrartive 

luid  of  specific  gravity  0,623  at  0^    The  liquid  boils  at  -  33,r 

a<I  solidifie.s  at  —  75^.     The  vapor  tension  is  4.4  atmospheres  at  0^» 

to  at  15,5^,  and  10  at  2S^*     The  critical  te!n|x*rature  and  pressure 

WW  and  1 1 4  atoiospheres,  On  allowing  the  liquid  to  evaporate, 
ktense  cold  is  produced.  The 'liquid  dissolves  the  alkali  metais, 
*kiiig  a  blue  solution^  wliich  on  L*va]K>ratioo  leaves  the  metak 
achanged. 


lUmtratioas.— Tr»  show  the  cold  produced  bf  the  evaporation  of  ammotiia 
u  iiiQ  iiM,  i»f  Liie  Binjtigest  solutimi  in  a  smuli  flii^k,  place  tbe  fli^k  on  a 
tk  of  wood  wet  with  water  and  bbw  through  the  solution  a  nipid  cnrrent 
nliv     In  a  few  miouioi  the  Qaak  will  be  found  Itotj^m  to  the  block, 

Chemical  Properties, — Ammoma  is  cheinically  quit-e  active*  It 
pt^  like  IX  bivalen^  radical  uniting  directly  to  other  cnnipoimds. 

is  deconiiK>sed  by  a  red  heat  and  by  the  electric  spark*  It  does 
i>t  support,  combustion  and  is  incombustible  in  the  air,  but  bums 

oxygen,  in  chlorin,  and  in  liromin  vapon     Burning  in  oxygen, 

yields  watiT  and  nitrogen,  together  with  ^fonie  anmioniuni  nitrite 

and  nitrogen  tetroxid.    A  mixture  of  oxygen  and  ammonia  is  ex- 

JfjpivR'.     It  acts  vigorously  with  the  halogens  giving  the  ammonium 

ilid  and    frtn*   nitrogen,  4X11^  +  3C1  =  3Xll^ri  +  X.        Actiug 

itli  chlorin  In  excess  the  highly  explosive  nitrogen  ehlofid  NCI, 

formed.  Alkali  metals  Replace  one  of  the  hydrogen  atomB 
*HjK),  and  at  a  rcxl  jjeat  all  thren?  {KaN).  It  unites  directly 
Ith  water  to  form  ammonium  hydroxid,  and  with  acids  to  form 
limonium  salts. 

The  watiT  sohition  of  ammonia  contains  ammonium  hydroxid, 
^HpiJ,  This  comi>nund  h  alkaline,  caustic,  and  qinte  active, 
[id  in  called  the  vohitik  alkali.     It  is  not  highly  dissociated  and 

therefore  a  weulc  ba^e.  The  dissociation  in  the  derinormal 
^lution  is  1,5  per  cent,  in  the  twentieth-normal  6  per  cent,  and 

the  himdrcHlth-normal  K1  per  cent. 

Hie  heat  of  fonnntion  of  amni<mia  is  (N,ITj)  =  U.StK)  cab;   the 

il  of  solution  ip  (NUj,Aq.)--SSOO  cal:  and  the  total  heat  of 
Diition  and  soliitiun  is  (N.H-j.Aq.)  -20/^^0  cal 
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Illustiatiaii3.— The  com  bastion  of  ammonia  in  oxygen  may  be  tbtu 

shown : 

1«  Lower  a  jet  of  ammonia  in  a  jar  of  oxygen,  bringing  it  in  contact 
with  a  fiame  just  as  it  en  ten, 

%.  Let  oxygen  bubble  tbrougli  a  warmed  fiolotion  of  ammonia  in  an 
open  Hask  and  iguite  the  escaping  gases. 

3.  Connect  with  a  flask,  iu  whitih  ammonia  solutiou  is  being  heated,  & 
glass  jet  and  snr round  it  witii  a  tube  tb rough  which  oxygen  is  made  to 
pass  from  below.  Ou  bringing  a  Aame  to  the  jet  the  ammonia  burns  in  the 
oiygen. 

A  jet  of  amtnonia  lowerod  in  chlorin  ignites  and  contitiues  to  buriL 
The  decompositioD  of  ammonia  by  heat  miiy  be  showu^  by  passing  the 
gas  through  a  tube  heated  to  redness  and  collect ing  the  gases  over  water. 

The  decomposition  by  electricity  may  be  shown  by  Qlling  a  eudiometer 
half  full  of  ammonia  and  passing  elootrie  sparks.  The  volumo  of  gai 
doubles. 

To  show  the  affinity  of  ammonia  for  acids  &11  two  ey tinders,  the  one 
with  ammonia  and  the  other  with  hydrogen  cblorid,  and  bring  them  moulii 
to  montiL  The  cylinders  become  suddenly  filled  with  dense  white  fumes  of 
ammonium  chlorLd,  A  few  cubic  centimeters  of  the  aqtieous  solutiona 
may  be  used  instead  of  the  gases. 

To  show  the  action  of  alkali  metals  upon  ammonia  introdnoe  a  frag- 
ment of   potassium   into  a  bulb- tube  which 
^    1i  terminates  at  one  end  in  a  small  aperture. 

S  Pass    a   stream    of    ammonia   and   heat   the 

bulb.  The  potassium  bunsta  into  flame  and 
burns  in  the  ammonia^  while  the  liberated 
hydrogen  may  be  ignited  at  the  end  of  the 
tube. 

The  Tolu  metric  oom  posit  ion »  and  at  the 
same  time  the  action  with  ehlorin,  may  be 
shown  as  follows:  To  a  tube  about  a  meter 
long  and  closed  at  one  end  is  fitted  a  cork  car- 
rying a  dropping-funnel,  or  the  tube  iUelf 
may  l^e  furnished  with  stop^cock  and  funnel* 
The  tube  is  tilled  witli  chlorin  and  a  few  cc,  of 
strong  ammonia  placed  in  the  funnel  The 
ammonia  is  admitted  drop  by  drop  through 
the  stop-cock*  When  the  action  is  complete, 
water  acidulated  with  snlfnric  acid  is  added 
thrmigh  the  funnel  until  efpiilibriuraisrestored. 
This  will  be  when  the  tul>e  is  two  thirds  fall 
of  the  liquid.  The  residue  is  nitrogen.  Tbe 
^  *  three  volumes  of  chkirin  have  united  to  three 

volumes  of  hydrogen  and  left  one  volume  of  nitrogen. 


£ 
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Physiological  Properties, — Ammonia  is  stifling  and  irritating 
to  the  respiratory  organs.  It  is  caustic  and  disorganizes  the 
mucous  inembraiie.  It  is  not  poisonous.  It  is  seldom  taken  in- 
terimlly,  but  applied  to  the  skin  it  has  cleansing  and  curative 
effects. 

Uses. — The  uses  of  ammonia  are  verj"  numerous^  both  in  the 
art^  ntnl  in  clieniieai  laboratories.  Its  usefulness  in  chemical 
operations  is  largely  due  to  the  fact  that  it  is  a  strong  alkali  and 
at  thi*  isaine  lirue  vulatiie,  leaving  no  residue  whcu  evaporated* 
One  *if  its  mo&t  important  uses  is  in  the  manufacture  of  ice-  Its 
me  for  this  pur]>ose  h  based  upon— 

1,  It*  eitnuiic  solubility, 

2,  Its  expulsion  from  solution  by  heat, 
8u  Its  Qftsy  liqaefactioD. 

4*  Tbe  great  cold  produt^ed  by  its  return  from  the  liquid  to  the  gaseous 
stale. 

n  WATER 


t  <  1  <  I    ■    I    I    ]     I     1     <    I    t    I    !    I   <   >   I    I   I    '  ' 


V,  El pansma- valve* 
The  atofnonia  iee  apparatus  ia  shown  in  Frg.  52.  Ammonia  gm  is 
paipped  uudergreftt  pnessiire  into  the  condenser  pipes,  which  are  cooled  by 
a  tbower  of  cold  water*  The  liqnefied  ammonia  is  admitted  tbrongh  the 
expanfiion^vxilve  V  to  the  coils  ia  the  brine  tank.  The  cold  produced  by 
the  volatilise  At  ion  and  eipausion  of  the  ammonia  lowers  the  temperature 
of  the  britie  to  abotat  —  20',  The  water  to  be  frossen  is  placed  in  prismatic 
v«asi»k  and  lowered  into  the  brine, 

Tetts* — Ammonia  is  recngnized  by  its  odor,  by  its  alkalinity, 
and  by  the  white  fumes  it  givrs  with  chlorin  or  hydrochloric  acid. 
It  is  bH  free  from  its  componnda  by  caustic  alkalis.  Its  presence 
in  miBU  quantities  is  indicated  by  the  Nessler  test  (page  212), 
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Nitrids. — The  nitrids  may  be  regarded  as  derivatives  of  am- 
monia, or  as  simple  binary  compoimds  of  nitrogen  with  the  metals. 
They  are  usually  obtaine<l  by  the  action  of  metallic  oxids  or  chlorids 
upon  ammonia.  They  are  mostly  decompose<l  by  heat,  sometimes 
with  explosion.  They  will  be  described  in  connection  with  the 
metals. 

AMMONIUM   (NH4)'. 

Ammonia  unites  directly  to  acids  to  form  salts: 

NH3  +  HQ  =  NH,C1;    2NH3  -f  H^SO^  =  (NHJ^O^. 
When  it  acts  with  the  halogens  it  yields  nitrogen  and  the  ammo- 
nium halid: 

4NH3  +  3C1  =  3NH,a  +  N. 

Its  solution  in  water  acts  as  if  it  contained  a  hydroxid,  and  the 
action  may  be  expressed  thus:  NH3  +  HjO  =  NH^OH.  Further- 
more, ammonium  hydroxid  acts -like  other  hydroxids: 

KOH  +  HCl  =  KCl  +  H2O;  NH,OH  +  HQ  =  NH,a  +  H,0. 

The  simplest  explanation  of  all  these  facts  is  in  the  hypothesis 
of  the  existence  of  a  positive  univalent  radical  (NH^)',  which  has 
been  named  ammonhim.  In  ammonia  the  nitrogen  is  trivalcnt, 
while  in  the  ammonium  compounds  its  valence  is  five.  AMiile 
anmionia  is  saturated  and  yields  derivatives  by  the  replacement 
of  its  hydrogen,  it  still  acts  like  an  unsaturated  compound  because 
the  valence  of  nitrogen  so  easily  chang(\s  from  three  to  five. 

The  anunonium  radical  has  not  been  isolated.  In  its  chemical 
properties  it  is  closely  allied  to  the  alkali  metals.  Its  salts  gen- 
erally are  isomorphous  with  the  potassium  salts.  Could  it  be 
obtained,  it  would  probably  be  a  light  liquid  or  a  gas.  Its  solu- 
tions contain  the  univalent  positive  ion(NH'4). 

AMMONIUM    COMPOUNDS. 

The  radical  NH^  enters  into  a  very  large  number  of  compounds. 
It  umtes  directly  to  the  negative  elements  and  replaces  the  hydro- 
gen of  acids.  Its  hydrogen  atoms  are  replaceable  and  thus  arise 
numerous  dfTivatives  chiefly  organic.  The  chief  commercial 
source  of  ammonium  compounds  is  the  ammoniacal  liquor  of  tbe 
gas-works.    This  liquid  is  distilled  with  lime  and  the  liberated 
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amniofiia  is  eonductrd  mtu  water  (aminoniuin  hydroxid)i  oi  hydro- 
uhltiriu  ncid  {atmiiomum  cMorid),  or  sulfuric  acid  (aiiimomum  sul* 
faie). 

All  aninioniuni  compounds  are  cjeconi  posed  by  heat.  In  some 
causes  tJie  tiioleeub  is  cornplet'Cly  broken  up,  while  in  others  there 
is  tt  simple  st'jmration  into  aaiinonia  and  an  acid.  They  all  yidd 
ainrntJtiia  when  iieate<.i  ^vith  alkalis.  They  are  all  soluble  in  water 
except  the  double  aalts  of  certain  metals,  as,  for  example,  am- 
monium  ehWoplatinate  (NH^)jFt(%.  Ainmoniiim  salts  in  solu-* 
titin  are  hjjzhly  dissociat4?d.  The  heat  fvf  foniiation  of  the  ion 
NHj*  from  the  elements  is  32,.5()0  cab 

Otdy  the  principal  armnonium  eoinpounds  of  the  elements 
akeady  studied  are  gi^-en  here.  The  others  will  be  treated  in  cnn- 
nection  with  the  remaining  elements. 


AMMONIUM    BAUDS. 

The  ammonium  haJids  are  very  similar  to  the  alkali  halids. 
Tliey  are  formed  by  the  tmion  of  anmionia  and  the  haloid  acicis. 
Th<?y  volatilize  with  dissociation,  but  the  parts  reunite  when  ccMikd, 
They  arr^  all  whitc%  crystalline  sidts  which  di^olve  in  water  with 
tlic  absorption  of  lieat.     Tlie  thermal  equations  are  as  follows:    ^ 

(Nibvirr^  =sajoacal. 

(NH,,HC  b  =  41,900  e.  (KHtChAq.)  =-3.900  c.  (N,H,,C1)  =  75,800  c. 
(NIltJlBn^  45,020  0,  (Nri3r,A4.)  = -4,880  o.  (NJI^.Br)^  115,848  c. 
(NH.JU)    =4S,4fl2o.       (NHa^AqO   =-S,550c.      (N,e,,Ij    =4Mt»c. 

Ammonium  Fluorid,  N!bF,  is  prepared  by  liirect  iiiiion  of  NH,  iind 
HF,  m  by  (it'niing  to|^^flier  in  a  covernt  plfttinuro  enicible  potaBaiiim 
flnorid  nnd  uoamoniiitD  cbloHd,  If  \\\%  lid  l>e  krpt  enol,  Iht?  NH,F  erys- 
taUizna  on  Ww  utidcr  surface.  It  forms  bcxngoiinl  prisms,  lias  a  sharp* 
salty  iiiKte,  and  deliquesces  in  moist  flir.  Tl«  noliUion  in  water  slowly 
doeompojUBg.    It  s^uts  upon  silicates,  forming  SiF^,  and  heiioe  etch^  glnss, 

Ammoiiltim  Cblorldi  NH^Cl. — This  compound  oeenrs  native  as 
Uie  mineral  ml  ammomm\  chiefly  in  the  virinity  of  volcancR^s.  It 
tfl  usualk  prepared  firjixi  the  aniwoniacal  liquor  of  p-a.s-worksi  by 
hf*ttf!ng  ttith  lime  and  absorhinp:  the  evolved  amnjonia  in  hydro- 
cJdcTic  acid.  It  may  also  be  ftl>tiiineil  by  hontiri^  tt  inixtiire  of 
tHKlttim  chlorid  and  ammoniiim  sulfate,  It*ifl  purified  by  suldima- 
tiofi. 
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Ammonium  chloric!  is  a  white  solid  \dth  a  sharp,  saline  taste 
and  specific  gra\'ity  1.52.  It  cn^stallizes  in  regular  octahedrons 
and  fibrous  masses.  It  dissolves  in  water  at  0®  28.4  parts;  at  10® 
32.8  parts;  and  at  100°  77.2  parts.  The  saturated  solution  boils 
at  115°.  It  dissolves  with  absorption  of  heat.  The  solution  is 
ionized,  tv\Tntieth-normal  6  per  cent,  hundredth-normal  13  per 
cent,  and  is  slightly  acid  by  hydrolysis:  NH/,C1'  +  HaO ^NH^OH  + 
H-,Cr.  It  sublimes  when  heated  and  dissociates  at  350®  into 
NH3  and  HCl. 

Ammonium  chlorid  is  the  most  important  of  the'  ammonium 
compomids  except  the  liydroxid.  It  is  used  in  medicine  and  in 
the  arts,  in  soldering,  tinning,  dyeing,  and  in  the  preparation  of 
ammonia,  and  a,s  a  common  laboratory  reagent. 

Ajnmonium  Bromid,  NHiBr,  is  a  white  crystalline  solid  obtained  by 
union  of  NHi  and  HBr,  or  by  the  action  of  bromin  on  ammonium 
hydroxid. 

Ammonium  lodid,  NH4I,  is  a  colorless  solid  of  specific  gravity  2.5. 

COMPOUNDS   OF  AMMONIUM   WITH  THE  ELEMENTS  OF  GROtTP   VI  B. 

Ammonium  Hydroxid,  \H4OH. — ^When  ammonia  dissolves  in 
wator  the  liydroxid  is  supposed  to  be  formed,  though  it  cannot 
bo  isolated.  It  is  unstable,  decomposing  readily  into  NH,  and 
HjO.  It  has  therefore  the  proi)erties  of  ammonia  gas.  The  solu- 
tion contains  the  ions  NH/  and  HO',  dccinormal  1.5  per  cent. 

Ammonium  Hydrosulfid,  NII^SH,  is  obtamed  as  a  white,  vol- 
atile, very  soluble  solid  ])y  saturating  with  ILS  an  alcoholic  solu- 
tion of  anuuonia,  or  ])v  bringing  together  equal  volumes  of  dry  NH, 
and  dry  HjS  at  —  15°.  It  is  obtained  in  solution  by  saturating 
aqueous  ammonia  with  HjS. 

Ammonium  Sulfid,  (NH4)2S,  is  a  white  crj'^stalline  solid  obtained 
by  mixing  one  volume  of  HjS  with  two  volumes  of  NH,  at  —  18°. 
It  dissociates  at  ordinary  temperatures  into  NH^SH  and  NH,.  Its 
a(]ueous  solution  is  obtained  by  saturating  ammonium  hydrosulfid 
with  ammonia,  or  by  saturating  a  given  volume  of  ammonia  solu- 
tion with  IIoS,  then  adding  an  equal  volume  of  ammonia  solution 
of  the  same  strength.  Botli  this  solution  and  the  last  turn  yellow 
if  exposed  for  some  time  to  the  air,  because  of  the  formation  of 
polysulfids  along  with  thiosulfates.  This  is  called  yellow  ammonium 
sulfid  and  may  be  had  at  once  by  adding  sulfur  to  NH^SH  solution. 

Ammoniiun  sulfid  in  its  various  forms  is  much  used  in  the 
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laboratory  as  a  reagent  in  analytic  chemiBtiy.    It  precipitate 
moBt  of  the  metals  bb  sulfids, 

Polysulfida  of  Atnmomum.—Amnwnium  Utrasulfld^  (l^OiS^,  sulfur- 
yt^llow  c!')sUl3 ;  avtiut/ttium  peHtasulJid^  (NH 4)184 ^  orange-yellow  crja* 
;  nDtl  ainmanium  hfptetmtlfid^  (NHijiSi,  rubj-red  crystals,  are  unsta- 
)lo  compounds  wliieh  slowly  docompose,  leaving  a  residue  of  sulfur, 

Ammomium  Hydrcweleaid,  KH^Sell,   and  Ammonium  Seleaid|  (NU^hSe, 

i  botU  former!  by  ilje  direct  union  of  NHi  and  HiSe,  the  tmi  wbeti  HaSe 
\  in  excess  and  the  s^^coud  when  FH«  is  in  ei^cess.  They  are  white  solids 
irUieh  turn  red  on  exposure  to  the  air  and  dissociate  when  hetited* 

Ammotdum  HydroteUuridj  NHtTeH,  Is  formed  by  the  union  of  equal 
Tolumei  of  KHt  aod  HtTe.  U  is  a  white^  soluble,  crystalline  solid  which 
volatilizes  with  disso^jiation  at  BQ". 

AQimooium  Salts. — Ammonium  salts  are  very  mmierous,  since 
the  radical  NH^  a«ta  like  the  alkali  metals  to  irplace  the  hydrogen 
of  acids.  They  are  generally  white,  crystalline  solids,  qtiite  solu- 
ble in  water  and  dissociate  when  heated. 

Ammniiiiiiiii  Chlorate,  NH4CIO*,  is  obtained  by  saturating  chloric  aclil 
with  iiromonia.     It  crystallizes  in  needles  and  has  an  acid  taste. 

Ajaaaoniiim  Perchlorate,  NH4CIO,,  is  obtained  as  white,  phombio  crya* 
taU  by  saturating  ammonia  with  perchloric  acid. 

Aamouiym  todate^  NHilOs,  lustrous  plates  of  specific  gravity  %.% 
formed  by  the  action  of  ammonia  on  iodic  acid. 

AfwwiftttitnTi  Sulfites. — ^^Tbe  normal  ammonium  stdfite,  (NHi)iBO],  and 
tli6  aoid  aalt,  NIldlBOif  are  white  crystalline  solids  soluble  in  water  and 
instable.    There  are  also  double  salts,  such  as  AgKE«80t. 

AmmoiLium  Sulfates*— Normal  atnmonium  sulfate,  (NH,)3S0|, 
i^  prepared  by  neutrali^ring  sulltirie  acid  ^\ith  ammonia  and  cvapor^ 
aling.     It  forms  rhombic  crystals  isomorphoiis  \iith  potassium 

fate.  It  has  a  specific  gravity  176,  melts  at  140°,  and  deeom- 
above  28()°.  One  hundrert  parts  of  water  dissolve  71 
parts  at  if"  and  97  parts  at  lOtf  *  It  is  prepared  in  large  quan- 
tJtieB  from  the  ammoniacal  liquora  of  the  gas-works  and  is  used 
in  tbe  inanufaeture  of  other  ammonium  compounds.  Its  heat  of 
fomiation  is  282,200  caloriea,  and  its  heat  of  solution  is  —  2600 
^calories. 

The  oeid  salt,  IfH^HBO^,  fa  obtained  by  treating  the  normal  salt  with 
hot  imlfarie  acid.    It  forms  rhombic  prisms  of  speciflc  gravity  L70. 

Tlien?  are  several  other  ammonium  salfiites,  among  which  are  ammO' 
fn'tifii  dimii/ate^  (NHiHSiOr,  and  ammonium  perml/aU  (KH4)iSiO». 
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Selenites,  s^elenates,  tellurites,  and  tellurates  of  ammonia  have  for- 
mulas and  properties  simular  to  those  of  the  corresponding  sulfur  com- 
pounds. 

Ammonium  Chiomates. — Ammonium  chromate^  (NH«)tCrO«,  as  soluble, 
lemon-yellow  needles,  is  obtained  by  evaporating  a  solution  of  CrOi  in 
ammonia.  Ammonium  dichrotnate,  (NH4)«CrfOT,  orange-colored  mono- 
clinic  crystals,  is  also  formed  by  the  action  of  the  trioxid  upon  ammonia.' 
Ammonium  trichromate^  (NH4)sCrtOie,  and  ammonium  hexacfirotnale, 
(NH4),CreOi9,  are  described.  There  are  also  several  series  of  complex 
chromium  ammonium  salts,  of  which  cMorochromtetrammonium  chloride 
CUCr,N4U8(Nn4)4Cl4,2HiO,  may  be  taken  as  an  example. 

Ammonium  Holybdates. — ^Besides  the  normal  ammonium  motyb- 
da/e,(X  1X4)2^1004,  there  are  di,  tri,  tctra,  and  hepta  molybdateB, 
and  a  number  of  double  salts  in  which  ammonium  is  associated 
with  some  other  element  or  radical.  The  ammonium  molybdate 
of  commerce  is  a  kexabamc  heptamolyhdaUj  (NH4)JMo7024,4H,0. 

Ammonium  Tungstates. — The  ammonium  tungstates  closely  resemble 
the  niolybdates.  The  normal  salt  has  not  been  prepared.  The  more  com- 
mon one  is  the  hexabasic  heptatutigstate^  (NH4)«WYOa4,6HtO.  Numerous 
otlier  ammonium  poly  tungstates,  single  and  double,  have  been  prepared. 

Ammonium  Uranates.— Several  uranates,  peruranates,  and  uranyl-ura- 
nates  have  been  described. 

AMIDOGEN    (NH2)'. 

The  hydrogen  atoms  of  ammonia  may  be  replaced  by  positive 

or  negative  eleirionts  or  radicals.     Tiius    are  obtained  two  series 

of  compounds  called  amins  anil  arrnds.     If  one  H  is  replaced,  the 

compound  is  said  to  be  primary;  if  two,  secondary;  and  if  three, 

-f- 
tertiary.     We  have  then  the  following  forms,  in  which  R  represents 

a  positive,  and  R  a  negative  element  of  radical : 

Primary.  St»condary.  Tertiary. 

Amins,  RNHj  R,NH  R,N. 

Aniids,  RNH^  i\nH  R^N. 

In  the  soc()ndar\'  and  tertiary  forms  we  may  have  at  the  same  tmie 
po.<itivc  and  negative  replacing  elements,  forming  compounds  sim- 
ilar to  ternary  salts.     These  are  called  alkalnmids. 

These  combinations  seldom  occur  outside  of  organic  compounds. 
By  taking  an  H  from  ammonia  there  remains  the  univalent  radical 
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NHj,  which  is  called  amidogen,  and  is  a  constituent  of  thousands 
of  organic  comfiounds, 

HydrojCflamiJii  NH/JH. — This  com  pound  was  discovered  by 
LoBsen  in  1865.  It  may  he  regarded  as  a  union  of  hydroxyl.  and 
amidogen,  or  as  amnionia  in  which  an  H  has  b(?on  rt^plat^ed  by 
hytln>xyL  Ii  is  pn^paretl  by  reducing  nitrogen  dioxid,  nitric  acid, 
or  certain  nitrat^es  with  nascent  hydrogen : 

NA  +  3H,  =  2NH,0H. 

Tbf^  preparation  may  be  cotulucteiJ  as  follows  :  Granulated  tiD  and 
dUtittf  hydrochloric  acid  with  a  few  drops  of  plaunic  cLIorld  a^e  placed  in 
a  HaBk  and  NaOi  mm\Q  to  bubble  through  Iho  mixture.  Hydrojcylamin 
hycIr*»c)ilorid  passes  into  solution.  The  tin  is  precipituted  with  US  and 
thti  liquid  lilrcrtHl  and  cvaporattid  to  dryness*  The  re&itlue  Is.  treated  with 
lute  alcohol,  wliich  dis^ofves  the  hydroiyhimin  hyiJroehbrid,  The 
alcohol  id  cTiiporated  and  sulfuric  acid  added,  which  forms  hydroxylamin 
Mil  fate.  Bfirium  hydroxid  h  ur>w  added  and  ihn  barium  sulfate  fihered 
off.    The  filtrate  is  a  Bolutioa  of  hydroxylamin , 

HydroxylamiJi  h  a  crj^stalline  solid  which  ntelta  at  33^  and 
bnilg  at  57*^.  It  is  unstable,  decomposing  with  violence  when 
heateit  yielding  NH^,  H^t ),  and  N*  It  m  ioehly  ba«ic  and  slightly 
icmiz^d.     It  unites  directly,  to  acids,  the  N  beconuug  pentuvalent: 

NH^OH  +  HCl  -  NHjOHHCl,  Hydroxylamine  hydrochloride 
If   has  a  strong  reducing  action,   precipitates  gofti  and  mcrnury 
from  s<Jution,  and  reduces  cupric  to  cuprous  salt«.     Its  salts  ar^ 
dectmiiKised  by  heat,  some  of  them  with  violence.    Its  heat  of 
formation  is  24,400  cal 
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HYDRAZINp  NjHj. 

Hydrazin  is  fre^  amidogen,  two  radicals  uniting  to  form  a  satu- 
rsitcd  compound,  H^X  —  NH^.  *  It  was  first  prepared  by  Curtius 
iti  ISiST.  It  may  be  obtained  by  heating  its  hy*lroxid  with  barium 
iiiMnixxid  in  a  closed  tul)e  to  IJC^: 

(NH,),H,0  +  BaO  -  BatHO)^  +  (NH,),. 

It  is  a  colorless,  poisonous  gas  witii  a  peculiar  odor.    It  is  the 
s(n>ng**f^t  reducing  agent  known.    It  boils  at  114°  and  ssolidifies 
at  F.     It  nnitas  directly  h>  aciils  to  form  salts: 
NjH^-i-HCl-CXjlIJllci  uT  Jl^N-NHjCl,  Hydrazin  hydrochlorid. 
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Hydrazin  Hydrozid  or  Hydrate,  NjH^HjO.— Hydrazin  unita 
vigorously  to  water  to  form  the  hydroxid  which  dissolves  in  all 
proportions,  forming,  an  alkaline  solution.  The  hydroxid  decom- 
poses, when  boiled,  but  a  portion  goes  over  with  the  steam  un- 
changed. It  has  a  reducing  action  like  hydroxylanun,  and  forms 
salts  with  the  acids,  as  NjH^HCl  and  NjH^HjSO^. 

HYDRAZOIC  AaD   (AZOIMID). 

Hydiazoic  acid,    i|  >N  —  H,  was  discovered  by  Cartius  in  1890.    It  is 
W 

obtained  by  the  reduction  of  various  organic  hydrazin  componnds.    The 
theoretical  reaction  may  be  illustrated  as  foUows  : 

H,N  -  NH,C1  +  NaNO,  =  ||  >N  -  H  +  2H,0  +  NaOL 

It  is  also  obtained  by  the  action  of  sodamin  upon  hyponitrous  oxid: 

2NaNH,  +  N.O  =  NH,  +  NaHO  +  NaN.. 

This  sodium  salt  is  distilled  with  sulfuric  acid. 

Hydrazoic  acid  is  a  colorless,  very  poisonous  gas,  producing  wben 
breathed  dizziness,  headache,  and  inflammation  of  the  mucous  membrane. 
It  fumes  with  ammonia,  forming  ammonium  hydrazoatCy  NH4N1.  It  dis- 
solves in  water  to  an  acid  solution  which  is  slightly  dissociated  into  the 
ions  H*  and  Ns'.  It  boils  at  37°  and  explodes  with  violence.  With  silver 
nitrate  it  gives  silver  hjdrazoatey  Ag'Ns.  It  dissolves  in  water  in  all  pro- 
portions and  the  solution  acts  like  the  gas. 


COMPOUNDS   OF   NITROGEN   W^TH   THE   HALOGENS. 

Nitrogon  forms  compounds  wuth  chlorin,  bromin,  and  iodin, 
all  of  which  are  onrlothcrmic,  unstable,  and  violently  explosive. 
They  are  obtained  from  ammonia  or  its  derivatives  by  replace- 
ment, and  hence  may  have  cither  of  the  three  forms,  NHjI,  NHIj, 
or  NI3.  Their  composition  is  not  very  definitely  known,  and  it 
is  possible  that  mixtures  of  two  or  more  derivatives  sometimes 
occur. 

Nitrogen  Chlorid,  NCI3. — This  dangerously  explosive  compoxmd 
was  discovered  by  Dulong  in  1811.  In  experimenting  with  it 
he  lost  an  eye  and  three  fingers.  In  1813  Faraday  and  Davy 
both  suffered  injuries  from  the  explosion  of  small  quantites  of  it. 
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It  Is  produced  by  tlic  action  of  chloriu  in  excess  upon  ammonium 
chlorid: 

NH^Cl  +  3G1,  -  4Ha  +  NCI,. 

IllQstr&tkiiis*— A  flask  fiUed  with  cblorin  is  dipped  mouth  down  inlo  a 
soluiioa  u!  arumouium  elilorid  wnrmed  lo  80*.  As  i tie  cUlorin  is  absorbed, 
drops  uf  NCli  furui  at  the  surface  of  the  water,  sink,  and  atx^  ciiught  in  a 
teadeu  saucer  pla<.'ed  beiieatb  the  mouth  of  the  tlasik*  Ab  soon  im  a  fe^ 
dm|K»  have  collected  the  saucer  is  removed  with  cle^n  tongs  and  another 
put  ii)  its  place.  The  chlorid  is  eiphxled  by  touching  it  with  a  feather 
dipped  in  tiirpeutine  and  attached  to  a  long  slick. 

U.S  formation  may  also  be  shown  by  the  eleetrolysia  of  a  saturated 
Bolution  of  ammonium  chlorid  whose  surface  is  covered  with  a  thin  layer 
of  oil  of  turpentine.  The  NCU  Bepa rates  at  the  positive  pole  in  small 
dropSt  whiclii  risingi  explode  on  coming  m  contact  with  the  turpenline. 

Nitrogen  chlorid  is  a  thin»  yellow,  oily  liquid  of  specific  gravity 
^60.  It  is  volatile,  has  a  piingeut  odor,  and  the  vapor  attacks  the 
It  is  dangerousl}'  and  violently  explosive.  On  contact  ^itb 
nils,  phosphorus,  or  turpentine  it  decomposes  m.th  a  loud  noise.  It 
js  decomposed  by  hydrochloric  acid  and  ammonia,  the  firet  reaction 
being  the  exact  reverse  of  the  one  by  which  it  is  prepared  and  the 
cond  showing  why  it  13  not  formed  in  the  presence  of  an  excess  of 
imonia.     Its  heat  of  formation  is  —  *iS,KHI  calories, 

mtiogeo  Bromid,  NBr„  is  formed  when  potassium  hromid  is  added  to 
Ditrogen  chlorid  under  water.     It  is  a  dark-red  explosiYe  liquid* 

Nitrogen  lodid,  NI^  or  NHIj.— By  the  action  of  ammonia  upon 
Jodin  either  solid  or  in  solution  in  alcohol,  or  in  aqueous  potassium 
id,  a  highly  explosive  black  compound  is  formed  whose  consti- 
Sttion  k  not  definitely  known  and  which  seems  to  depend  upon 
method  of  it^  preparation,     lliree  formulas  have  been  given! 
,  HHI,,  and  N,H,1,  (or  NI,,  NH,). 

The  formation  and  instability  of  this  substance  may  be  shown  ns  follows: 
_To  a  ffi^  crystals  of  iodin  in  a  small  dish  add  strong  ammonia  solution  and 
for  a  few  minutes.  Wash  away  the  greater  part  of  the  ammoTua» 
^D^the  wash  water,  and  separate  the  black  powder  into  small  lumps 
Qn  piisces  of  filter-pap€r-  When  these  are  dry,  they  explode  at  the  slight- 
est tODCh  and  of  lea  spontaneously. 


OXIDS   OF   NITROGEN. 


The  oxids  of  nitrogen  are  unstable,  loose  nompounds  in  whirh 
)  valence  of  nitrogen  seems  to  bo  1, 11^  III,  IV,  or  V.     It  is  proba^ 
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ble,  however,  that  two  of  these  compounds  are  radicals  and  that  the 
real  valences  of  nitrogen  are  as  the  theory  requires,  I,  HI,  and  V. 
The  formulas  and  names  are  as  follows : 

Hyponitrous  oxid  (Nitrous  oxid),   NjO     N — O — N 
Nitrogen  dioxid  (Nitric  oxid),  NjOj    0=N — ^N=0 

Nitrous  oxid  (Nitrogen  trioxid),      NjO,    0=N — O — ^N=0 

Nitrogen  tetroxid  (peroxid). 
Nitric  oxid  (Nitrogen  pentoxid), 

HYPONITROUS   OXID   (NITROUS  OXID). 

Formula  N9O.  Molecular  weight  44.  Density  22.  Liter  weighs  1.97 
grams. 

History. — Hyponitrous  oxid  was  first  prepared  by  Priestley  in 
1772,  and  was  liquefied  by  Faraday  in  1823. 

Preparation. — Hyponitrous  oxid  is  produced  in  the  rednj'tion 
of  nitrogen  dioxid  or  nitric  acid  by  metals,  sulfites,  sulfids,  and  other 
easily  oxidizablc  substances.  It  is  most  conveniently  prepared  by 
gently  heating  aninionium  nitrate: 

\H,N03  =  2H2O  +  N^O. 

The  ^as  is  collected  over  warm  water,  brine,  or  mercury,  or  by  dis- 
placement. When  it  is  to  be  inhaled,  it  should  be  passed  through  ferrous 
sulfate  solution  to  remove  other  oxids  of  nitrogen  which  may  have  been 
formed,  and  through  potassium-hydroxid  solution  to  absorb  any  chlorin 
which  may  have  come  from  ammonium  chlorid  occurring  as  an  impurity 
in  the  ammonium  nitrate. 

Physical  Properties. — Hyponitrous  oxid  is  a  colorless  gas  with  a 
rather  pheasant  odor  and  a  sweetish  taste,  and  with  specific  gravity 
1.52  (air  ---■-  1).  One  volume  of  water  dissolves  1.3  volumes  at  0**; 
0.0  volume  at  10°;  and  0.6  volume  at  25°.  Alcohol  dissolves  about 
three  tinie.s  its  much.  At  0°  and  30  atmospheres  it  becomes  a  color- 
less, mobile  liquid  of  specific  gravity  0.937  which  boils  at  —  92°,  and 
it  freezes  to  a  solid  which  melts  at  —  99°.  A  mixture  of  the  liquid 
with  carbon  disulfid  evaporating  in  vacuo  lowers  the  temperature 
to  -  110°.     In  contact  with  the  skin  it  produces  bUsters. 

Chemical  Properties. — Hyponitrous  oxid  is  a  vigorous  supporter 
of  combustion.     Ignited  w^ood,  phosphorus,  iron,  sulfur,  potassium, 
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sodium  bum  brightly  in  it.  Mixed  with  hydrogen  it  m  explo- 
sive, aiid  when  the  two  %f^m  eonibiiie*  in  a  eudiometer  the  residual 
BJlrogeii  et|tiaLs  in  volume  the  N^O  used: 

NaO  +  H,  =  Na  ^  H3O. 
Its  heat  of  formation  is  —  IH.OOO  calories. 

f  hysiological  Properties. — When  breathpd  hjTionitrons  oxid 
protiuccs  a  nervous  excitetiieiit  which  c)|tea  causes  boistjcrous 
laughter;  whoncfi  the  nanie  laughing-gas,^  If  the  inhalation  he 
ernitinued,  insengibiUty  follows  and  finally  death »  If  air  be 
brraihtxl  a^uin  ev^en  aft^er  insrnsibility  has  set  in,  the  etieets  soon 
pass  away.    The  ga*  waa  formerly  much  used  as  an  anesthetic  in 

or  surginil  operatifULs  and  ei^pecially  in  flentL?tr>^ 

Tests* — Ilyp*:iaitTOus  oxid  h  distinguished  from  oxygen,  wWch 
it  nmch  resembles  hi  properties,  by  the  fact  that  it  does  not  pn> 
ilure  rful  vapc^rs  with  nitrogen  dioxid. 

MTHOGEN    DUVXTD    (MTRIC   OXID,   NTTROSYL). 

Fornniln  N|0^  or  NO.     Molecular  weight  60  or  30,    Density  30  or  15. 

History.— Nitr^jgen  dioxid  w^as  discovered  by  Van  Hehnont  and 
furtlier  investigated  L>y  Priestley, 

preparatioiit-^Nitrogen  dioxid  is  formed  by  the  decomposition 
anil  n^diirtif in  of  nitric  acid  and  nitrates  in  varioUB  wws: 

1,  By  the  nction  of  metala  on  dilute  nitric  acid,  the  nitrate  of  the  metal 
Twing  formed  niul  the  naBceat  hydrogen  Hberated  acthig  upon  another 
portum  of  the  nv.Ul  10  reduce  it  i 

Cu  +  3ITN0i  ^  Ca(NOi)t  +  H^;     3H  +  HNO,  =  2lhO  +  NO, 
or  SCn  +  811  NO  J  =  3Cn(K0j)i  +  4H»0  +  2X0, 

The  ii«id  shouid  he  dilale,  snie©  the  strong  acid  sets  free  nitrogen  and  its 
lilghifr  oxids, 

^.  By  the  action  of  ferrous  sulfate  tipon  tihrlo  acid  or  nitrate  fn  the 
fit  f  Bulfurle  field: 

f  2KN0.  -^  mSO*  =  3IIKSO4  +  3Fe,(804)*  +  411,0  +  aNO. 
1  .    :  '     Mtion  nf  ferrous  chlorid  upon  nitrates  in  the  preseace  of 

BF<»CI.  +  K?fO,  +  4n:ci  =  ?lFeCli  +  KCl  +  2H,0  +  NO. 

The  preparation  of  nitroajen  dioxid  may  be  eundueted  in  a  flask 
funiwhed  with  a  separatory  fmniel  or  funnel-tube  and  delivery- 
ttibe  as  folh^ws: 

1.  Ilace  in  the  flask  co]>|>er  strips  and  at  Id  dilute  nitric  acid 
J»p.  ^   '  '*^  *n  portions  through  the  futiiiel-tube;  or^ 
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2,  Place  in  the  flask  a  mixture  of  one  part  sodiiim  or  pat-as^um 
nitrate  and  four  parts  ferrous  sulfate,  or  strips  of  copper  eov^rtnl 
with  a  saturateti  gokitioR  of  potassium  nitrate,  and  add  ^uUurie 
acid  drop  by  drop  through  the  funnel. 

The  gas  is  collected  over  water^  which  dissolves  the  higher  oxiiis 
that  are  generally  formed. 

Physical  Properties.— Nitrogen  dinxid  is  a  colorless  gas  of 
specific  gra^'ity  1.03.*^.  Its  odor  and  taste  catmot  be  aseertained,  m 
it  combines  at  once  with  the  oxygen  of  the  air.  It  is  but  sliglitly 
soluble  in  water,  but  dissolves  readily  in  solutions  of  ferrous  salts, 
turniug  them  brown,  and  is  expelled  agam  by  heat*  It  is  quite 
soluble  in  nitric  acid,  forming  a  brown  or  greenish  solution  which 
is  supposed  to  contain  KjO^.  It  is  liquefied  at  —154^  and  its 
critical  temperature  and  pressure  are  —93*^  and  71  atmospheree. 
The  vapor  density  of  the  gas  is  15,  corre^onding  to  the  formula  X0_ 
Nitrogen  therefore  appears  to  be  divalent,  but  it  is  more  probable 
that  NO  is  a  univalent  radical,  N^Oj  Ijcing  dissociated  at  the  tem- 
perature of,  the  density  determination. 

Chemical  Properties,— Nitrogen  dioxid  is  the  most  stable  of  the 
oxids  of  nitrogen.  It  will  sustain  a  dull  red  heat  without  decom* 
position.  It  is  not  a  ready  supporter  of  combustion,  though  sub- 
stances well  ignited  will  burn  in  it.  Phosphorus  bums,  while  sulfur 
is  extinguished.  Carbon  diaulfid  burns  in  the  gas  with  a  bluish- 
white,  highly  actinic  flame.  It  unites  directly  to  the  ox>"gen  of  the 
air  to  form  brott-n  N^C.)^  or  N^jOp,  and  to  chlorin  and  bromin  to 
fonn  the  oxychlorid  and  oxybromid.  It  is  strongly  endothermic, 
the  heat  of  fomiation  being  —  21.500  calories, 

muatiatiaiis,— The  mi  ion  of  nitro^ffen  dioiid  with  oxygen  to  form  tho 
hrowD  oiLids  may  be  shown  by  emptying  a  jar  of  the  gas  in  the  air. 

To  show  its  action  with  tarbon  disulfid  add  a  small  quantity  of  this 
Btibstiinee  (2  cc.  to  the  liter)  to  a  jar  of  the  gas,  inYert  a  few  times  to 
insure  the  mixture,  then  remove  the  cover  and  ignite. 


NITROUS   OXID   CnITBOGEN   TRIOXID). 

Formula  NsOa.    Molecular  weight  70,    Itensity  88* 
Freparatioa. — Nitrons  oxid  is  formed : 

1.  By  direct  union  of  four  volnmefi  of  NO  with  one  volume  of  oxygen 
at  18":  4N0  +  O,  =  2N,0,. 


2.  By  uoion  of  NiO*  with  liquid  N^O^:  N5O1  +  N,0«  =  SHiOj. 
8.  By  disaolving  N3O,  in  well-ctx)led  anhydrous  nitric  acid: 

2HN0,  +  3NtOa  ^  SNaOi  +  11,0. 

4,  By  acting  upon  nitric  acid  with  arsenons  oiid  or  other  reducing 
eriits  and  cooling  the  evolved  gases.    The  hrowti  gas  obtained  by  thb 

"ieacnoi^  at  the  ordinary  temperature  is  a  mMur©  of  KO  and  HOi  in  vary- 
ing prof*ortiou3, 

Properties, — Nitmiis  oxid  only  exists  at  low  temperatures. 
Above  0^  it  flf88ociates  into  XO  and  NO,,  At  —  20°  it  is  a  dark- 
blue  lk[\nd  cif  spe("ific  gravity  1.440,  As  the  teiiiperature  rise^  it 
begins  at  once  to  decompose  and  boiLs  freely  at  4^.  Its  chemical 
j>ro|>ertics  are  those  of  the  two  gases  int^  which  it  dissociates. 

KITROGEN    TETROXin    (KITRUGKN   BIoXID^   NITROGEK    PEHOXID, 

nitrvl). 

Formula  NO^,  or  NsO*.    Molecular  weight  92  or  46*    Density  45  or  23. 

Preparation*— 'Nitrogen  tetroxid  h  formed : 

1,  By  union  of  nitrog<*n  diojcid  with  oxygen  :  NsOt  +  Of  =  KgO*, 
a.  By  Iwating  dry  load  nitrate :  ?b(NOjh  =  PbO  +  NjO^  +  O. 

5,  By  the  action  of  araenous  oiid  upon  warm  nitric  acid.  In  this  action 
tbere  are  produced  sSTeral  oxids  which  are  converted  into  NtO*  by  the 
Addition  of  oxygen. 

The  gas  IS  condensed  in  a  U- tube  immersed  in  a  freezing  mixture. 

Properties.— Nitrogen  tetroxid  Is  a  colorless  liquid  vtithout  a 
very  dt^rinite  boiling-  or  freezing-point.  When  strongly  cooled  it 
Iject^ies  a  cr>%Htalline  solil  which  tnelhs  at  ^12*^.  Dissociation 
begins  at  0*^  and  the  liquirl  ttimg  bnnvn  because  of  djssol\'ed  NOj, 
ttie  color  deepenmg  m  the  temperature  rises.  At  ab^ut  22^  it 
lii>lls,  giving  a  brown  vai>i>r  which  contains  20  per  cent  of  NO,.  At 
IKP  the  dis?^J*:iation  is  contplete.    As  NO^  it  is  a  brown  gas. 

Xilrof!;en  tetroxid  is  dec<^niposed  by  water  with  formation  of 
nitric  and  nitrons  acids,  while  NO^  yieliis  nitric  acid  and  NO.  It 
ifi  a  fKmr  snpjx>rter  of  combustion.  As  a  gas  it  is  suffocating  and 
potsonoygp*prodr icing  headache  and  diz^incKS.  It  forms  peculiar 
compounds  with  certain  metids,  as  CugNOj,  C02NO,,  NijNO^,  and 
Fr^NO,,  called  e4>pper  nitroxyl,  etc. 

IMiwtrttion.—To  show  the  union  of  N,0,  with  oxygen  and  the  solution 
af  XjO,  ia  wat^r,  fill  a  long  tulxs  inverted  liver  water  with  NsOs  and  lutrD- 
( l^raduAlly  oxygen  fmra  a  hag  or  gjis-ljolder.    As  fast  as  the  NaO*  is 
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formed,  it  dissolves  and  the  water  rises  in  the  tnbe.     By  taking  care  not 
to  use  too  much  oxygen  the  water  can  be  made  to  fill  the  tabe  entirely.  * 

Niiiuc  oxiD  (nitrogen  pentoxid). 
Formula  NaOt.    Molecular  weight  108.    Density  54. 

Preparation. — Nitric  oxid  was  discovered  by  Deville  in  1842. 
It  is  prepared  by  passing  dr>'  chlorin  or  nitrosyl  chlorid  over  dry 
silver  nitrate: 

AgNOs  +  NOCl  =  Aga  +  NA; 

or  by  reduction  of  nitric  acid  with  phosphorus  pentoxid: 

2HNO3  +  P2O5  =--  2HPO3  +  NA. 

To  prepare  the  oxid  by  the  last  method,  add  strong  nitric  acid  in  proper 
quantity  to  PaOt  in  a  well-cooled  retort  and  distil  with  a  gentle  heat,  ood- 
densiug  the  nitric  oxid  in  a  cooled  receiver.  No  cork  nor  rubber  must  be 
used  in  the  connections. 

Properties. — Nitric  oxid  is  a  white  solid  which  crystallizes  in 
rhoni])ic  prisms,  melts  af  30°,  and  boils  with  decomposition  at 
about  47°.  It  explodes  when  warmed,  and  at  the  ordinary  tem- 
perature gradually  .s(»parates  into  N2O4  and  O.  It  unites  vigor- 
ously to  water,  forming  nitric  acid  and  evolving  much  heat: 

NA  +  H,0  =  2HNO3  +  29,800  cal. 

OXYHALIDS   OF   NITROGKN. 

The  univalent  radicvils  NO  and  KO2  enter  into  many  compounds, 
mostly  orj^anic,  which  are  called  nitroso  and  7uYro  compounds  respectively. 
They  may  be  rejrarded  as  compounds  of  the  radicals,  or  as  obtained  by 
replacing;  the  hydroxyl  of  nitrous  and  nitric  acids. 

Nitrosyl  Chlorid,  NOCl,  may  be  formed  : 

1.  By  direct  union,  as  NO  -f  CI  =  NOCl. 

2.  By  action  of  phosphorous  pentachlorid  upon  nitrites: 

PCU  +  KNO,  =  KCl  +  POCI,  +  NOCL 

3.  By  heating  aqna  regia  :  UNO,  +  3HC1  =  2H,0  +  Cl«  +  WOCl. 
Nitrosyl  chlorid  is  an  orange-yellow  gas  condensing  to  a  liquid  which 

boils  :it   —  .')G°  ;iii(l  freezes  at  —  60°.     Its  (Titical  temi>eraturo  is  —  168**. 
It  is  (leeotnposed  by  water  and  metallic  oxids  and  hydroxids. 

Nitrosyl  Bromid,  NOBr,  is  formed  by  direct  union  when  NO  is  condocted 
into  bromiii  at  —10°.  Il  is  a  dark-brown  liquid  which  begins  to  decompose 
at  2"  and  at  SO*"  leaves  a  red  liquid  which,  has  the  decomposition  NOBr*. 
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AtlDS   OF  NITROGEN- 


The  acids  of  nitrogen  correspond  to  the  regular  oxids  and  are  bs 
follows: 


Hyponitrnus  acid  (ortho), 
Nitrous  atud  {nKinouiota), 

Nitric  acid  (dimeta)i 


HNO     H— 0— N 
HKU,    11— O— N=0 

HNO,    H-0-N(g 


Tlicse  arids  follow  the  rule  of  taking  the  lowest  nieta  fomi  and 
are  all  inonobasie*  Tlic  hvilrat-Hl  acids  have  not  l^een  separated 
nor  ar*t  Llielr  salt«  known.  The  acid  ioim  of  nitrogen  are  NO',  NU^'j 
aad  NO,', 

HYPONITROUS  AOD- 

Formulfi  E^O.     Molecular  wt^igiu  81,    Density  15.5, 

aTatioo  and  Prape  rties  >  —  Hy  pon  i  t  ro  tis  aci  d  ig  o  i j  I  j  k  n  o  w  n  i  n  sol  ii  tion 

imil  L'jirtnot  bt?  o)jit*int'd  l>y  direct  hydration  of  hyponitioug  oxiij,  to  which 

i  t  CO  r  rtjftpijndis,      1 1  is  for  m  ei  I  w  lit*  n  si  I  vc  r  h  y  jxin  i  t  n  te  is  deeom  posed  wi  t  U 

y^dnjchtoricMCicK  AgNU  +  II CI  =^  AgCl  +  HNO.    Tne  solution  m  colorless, 

id»  ftiid  somewhat  st;ibtc.    It  lil^jnites  iodiii  from  potftssium  iodid  and 

^Hlii€t"<  ijt'rman^aoaie  aolation* 

Bsrp^Qitriteaure  obtained  by  r^diiotion  of  iiitmtcs  and  aitrites  by  means 
ot  Iho  uaaceut  hydrogea  set  free  from  water  by  sodium, 

_  NITHOUS  ACID, 

Formula  HlfOa,     Molecular  weight  47,     Density  29,5. 

Prepir-ttioii.— Niinnis  acid  baa  not  been  obtRined  free.    \X  is  formed  by 

din^t  tinioQ  of  jiUrous  oxid  atjd  water,  N,0a4-  IhO  — 3HNO«,  but  is  m 

i(n-T'ib3e  tlmi  h  soon  decomposes  into  nitric  ficiil,  water,  and  nitrogen 

!    3HN0i  ^  HNO,  +  N.Ot  +  H,0.    It  \n  Xmth  a  reduciop  and  an  ox* 

-,.  M^-  wj^nit,    Irs  beat  of  formation  ia  fH;N,0,,Aq.)  ^  30.770  caL 

Hitrltea.^NilHtca  nre  qnltp  stable  and  oeeur  In  small  quantities  widely 
<*'  '  ^^1  tmfnre.    They  are  formrd   in   the  mW  in  the  oxidation  of 

^'  '^  organ  if!  mattntB,  but  are  soon  tbomftelves  oxidire^l  to  nitrates* 

1  -c*omp<-»«ed  by  dilute  acids  with  liberation  of  nitrons  acid,  w^hleh 

li*'  ^rr^  fpofaw^inm  perm  an  emanate  aolntioTi  and  bines  KI  stareh  ffolutfon* 

Tb«^fie  actiona  eonNtiiuf*'  d^'llf-ate  te.<it!;  for  nitrites. 

Ammonium  Nitrite,  NlI,Nn,.  is  obtained  bv  addtne  ammoninm  chloHd 
to  ail  vt-r- til  trite  »iiiiition.  Tt  is  a  winte  crv^^tanine  deUqnpse**nt  si>lid.  It  id 
found  in  smail  qtiantitica  in  tbe  air  and  in  terrestrial  waters*    , 


JIfa 
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NITRIC  ACTD. 

Formula  HNOs.   Molecular  weight  68.  Density  81.5.  Specific  gravity  1.54. 

Occurrence. — Free  nitric  acid  does  not  occur  in  nature  unless  it 
be  momentarily  when  it  is  liberat<?d  by  some  chemical  process.  Its 
salts,  the  nitrates,  however,  are  abundant  and  widely  distributed. 
The  principal  ones  are  the  nitrates  of  potassium,  sodium,  calcium, 
and  ammonium. 

History. — Nitric  acid  was  known  to  the  alchemists  under  the 
name  of  aqua  Jartis  and  was  used  in  the  separation  of  gold  from  sil- 
ver. In  1776  Lavoisier  proved  that  it  contained  oxygen,  and  in 
1784  its  true  composition  was  determined  by  Cavendish. 

Preparation. — Nitric  acid  is  prepared: 

1.  By  dissolving  nitric  oxid  or  nitrogen  tetroxid  in  waten 

N,0»  +  H,0  =  2HN0«. 

2.  By  distilling  nitrates  with  sulfuric  acid: 

2KN0,  +  H,SO«  =  K,SO«  +  2HN0,. 

To  prepare  nitric  acid  in  the  laboratory  heat  in  a  retort  equal  parts  of 
niter  and  sulfuric  acid.  The  nitric  acid  distils  over  and  is  condensed  in  a 
cooled  receiver.  The  acid  thus  prepared  is  brown  because  of  dissolved  NOi, 
and  also  contains  some  water.  To  get  rid  of  these,  redistil  with  an  equal 
volume  of  sulfuric  acid  and  pass  through  the  warm  distillate  a  current  of 
dry  air.  In  this  way  an  acid  is  obtained  which  contains  less  than  one  half 
of  one  per  cent  of  water. 

The  eounnercial  acid  is  prepared  by  distilling  sodium  nitrate  and  sul- 
luric  acid  in  iron  cylinders  partly  lintnl  with  fire-clay;  or  by  oxidizing  the 
nitrogen  of  the  air  by  means  of  electric  arcs  of  high  voltage. 

Physical  Properties. — Nitric  acid  is  a  colorless  fuming  liquid  of 
specific  gravity  l.o5  at  if.  At  47°  it  becomes  a  cr^'stalline  solid. 
It  begins  to  boil  at  86°,  partially  decomposing  into  water,  oxids  of 
nitrogen,  and  oxygen.  The  temperature  rises  to  120.5°,  at  which 
point  it  roinains  constant,  giving  a  distillate  which  has  a  specific 
gravity  1. 114  and  contains  68  per  cent  of  HNOj.  If  the  dilute  acid 
bo  boiled,  it  tdves  off  water  until  the  same  strength  is  reached. 

WlK^n  the  strong  acid  is  mixed  with  water  the  volume  contracts 
and  tlio  tomporature  rises,  the  effect  being  greatest  when  one  mole- 
cule of  the  arid  is  mixed  with  three  of  the  water.  The  heat  of  solu- 
tion is  7200  calories.    The  specific  gravity  of  the  acid  of  Various 
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strengths  at  15*^  is  as  follows:  100  per  cent  L53,  SO  per  cent  1.46, 
GO  per  t'piit  L37,  4«)  per  rent  L2B^  20  per  cent  1.12,  10  per  cent  1.06, 
Ch€imcal  Properties.— Xitric  aeid  is  unstable  and  chemically 
ver>*  active.  It  decont ptoses  partially  at  the  ordinary  temperature 
jinil  eompletcly  at  236^,  Light  assists  the  tleeoni  posit  ion.  It 
oxidizes  sulfur,  phospliorus,  carbon,  hydrogeo,  organic  matters,  and 
ilU  the  metals  except  g<->ld  and  platinum.  In  its  action  upon  metals 
Oo  hydrogen  is  evolved  because  tfiis  is  oxidized  as  fast  as  it  is  ^i 
free.  Generally  there  is  protluced  the  nitrate  of  the  metal  or  the 
fiAiX  of  the  non-metal,  together  with  water  and  one  or  more  of  the 

^^Hds   of   nitrogen^   an<l   sometimes  ammonia   ctr   hydroxy- lamm. 

^^Hth  oxids  it  acts  like  other  acids.    Some  typical  reactions  are  as 

■ 


3Cu  +  8HXO3  -  3Cu(N03),  +  4H2O  +  NA- 

RZn  ^  13HN0,  -  5Zn(N(),)j  +  5H,0  +  NH^  4-  NjO,' 

1  -f  3HN(\  =  HIO,  ^  H,0  H-  Np,  +  NO,. 

Na^O  -f  Hi\0,  =  2NaN0,  +  H,0. 

KKOa  +  2HC1  =  SnCl-,  +  NO^  +  NH.OH. 


Nitric  aci 
the  NOj  radici. 


1  many  cirganic  com jxiunds, replacing  H  mth 
fin  is  thus  converted  into  nitroglycerin: 


C,H,*J,       iHNO,  =  3H,0  +  C^HsOaCNOs),. 

It  destroys  vegetable  '  ms  ajid  tunis  organic  substances  yeUow 
and  decomposes  them. 

Nitric  acid  is  more  highiy  dissociated  and  therefore  stronger 
than  any  other  acid  excepc  hydripctdoric.  The  percentage  of 
cli<^ieituinn  b  n^  fallows:  N  riuil  ^olutiun  87,  decinomial  94, 
centinonnal  99.8,  twn-hundredlii  nt^nml  llX).  The  nitrate  ion, 
NtVr  lA  rolorleas,  unstable^  and  atfi.  c.  Its  heat  of  formation  is 
4£»,700  caL 

0>mtnercial  nitric  acid  is  yellow  in  color  and  contains  various 
impitritt^'s:  chlorin  and  iodic  acid  from  the  sodium  nitrate:  sul- 
furic acid,  sodium  snilfate,  and  iron  oxid  caTTie<l  over  mechanically 
Iti  the  dfetillation;  and  nitrogen  dioxid  resulting  from  the  decom- 
podtion  of  the  acid.  These  impurities  may  be  mostly  removed  by 
dii*tilIafion.  Tlie  chlt»rin  and  nitrogen  dioxid  come  off  first  and 
the  dhtillate  containinij  them  is  rejecte<h  A  small  residue  left 
in  the  vessel  contains  the  nther  impurities* 
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Illustrations. — To  show  the  oxidizing  action  of  nitric  acid  add  a  little 
of  it  to  some  sawdust  which  has  been  heated  almost  to  charring  in  a  dish. 
The  sawdust  takes  fire.  Add  a  few  drops  of  the  acid  to  a  solutiou  of 
ferrous  sulfate  and  boil ;  it  becomes  ferric  sulfate.  Add  a  small  bit  of 
phosphorus  to  strong  nitric  acid  ;  it  burns  with  violence. 

To  show  its  action  upon  metals  place  a  strip  of  zinc  or  copper  in  the 
stron;;  acid  and  note  the  evolution  of  heat  and  the  red  fames  of  NOs  and 

Physiological  Properties. — Nitric  acid  is  a  corrosive  poison,  has 

a  stifling  od(>r,  burns  the  skin  and  turns  it  yellow. 

Tests. — Strong  nitric  acid  is  easily  recognized  by  the  red  fumes 
which  it  gives  when  it  acts  upon  metals.  Nitrates  are  decomposed 
by  sulfuric  acid.  Thus  if  to  a  solution  of  nitrates  sulfuric  acid  be 
added  and  then  the  metal,  the  red  fumes  appear. 

For  small  quantities  and  traces  of  nitric  acid  there  are  several  delicate 
tests.  The  following  is  very  convenient :  Add  to  the  solution  to  be  ti*sted 
a  crystal  of  ferrous  sulfate  and  pour  down  the  side  of  the  tube  a  little  sul- 
furic acid.  If  u'trates  are  present,  a  brown  ring  will  appear  at  the  junc- 
ture of  the  two  liquids. 

Another  test  tluid  is  a  one  per  cent  solution  of  aniline  in  15  per  cent 
sulfuric  acid.  A  few  drops  are  added  to  a  cc.  of  sulfuric  acid  in  a  porce- 
lain di.^h  and  a  drop  of  the  liquid  to  be  tested  allowed  to  flow  down  the 
side  of  the  dish.  When  the  liquids  meet  a  red  color  appears  if  nitrates 
are  pn^sent,  and  the  depth  of  the  color  indicates  the  quantity. 

Hrueine  furnishes  a  still  more  delicate  test.  Add  to  a  drop  of  the 
solution  to  be  testrd  a  drop  of  brucine  solution  and  then  a  few  drops  of 
sulfuric  acid.  A  pink  color  indicates  nitrates.  One  part  in  100,000  may 
bo  (let eel cd  in  this  way. 

Uses. — Xitric  acid  is  much  used  it;  laboratories  and  in  the  art^. 
It  is  (Miii^oycd  in  the  manufacture-  of  aniline  colors,  nitroglycerin, 
^uncottou,  celluloid,  sulfuric  acid,  numerous  organic  compounds, 
antl  the  nitrates  of  silver,  iron,  load,  aluminum,  barium,  strontium, 
etc. 

Fuming  Nitric  Acid.— Nitric  acid  which  contains  much  XO,  in 
soluti(»n  is  reddish  yellow  in  color,  has  specific  gravity  1.54,  and  is  a 
more  active  (»xi<liz(M*  than  the  pun*  acid.  It  is  csMcd  fuming  nitnc 
arid.  It  is  easily  o])taiiUMl  by  distiUinc:  a  mixture  of  four  parts 
starch  and  100  parts  KN( ),  with  100  parts  HoSO,.  WTien  dilut^xl 
with  water  ii  l)eeomes  first  .trreen,  then  blue,  and  finally  colorless. 
X().,  is  LHveii  otY  first.  \\\on  XO.  Tlie  coh)rs  are  due  to  the  forma- 
tion of  nitrous  acid.     The  reactions  are  as  follows: 
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2NOs  -^  H,0  =  UNO,  +  HNOa;  3HN0,  =  HNO,  -^  H,0  +  2N0. 

Aqua  Regia, — A  mlKture  of  one  part  of  nitric  acid  and  three  parta 

of  hydrocldoric  acid  dissolves  gold  and  was  for  that  Reason  called 
by  ttie  ancients  aq^w  irgia.  The*  name  is  fi rBt  mentioned  by  Basil 
\  aJenUne  (fiflet^nlh  century),  but  tbe  acid  was  knowTi  to  Gebcr  in 
tfic  sixth  centun\  It  is  a  powerful  solvent  and  oxidii&er,  this  action 
liein^  due  to  ehlorin  and  uitrosyl  chlorid  set  free  by  the  decompo- 
sition of  the  acidii:    HNL>;,  +  3HCi  -  2Hjy  i-  NtKl  4   Cl^. 

Aqua  regia  has  a  reddish-yellow  color  and  an  irritating,  acid,  and 
chlorin-like  odor.  Its  properties  include  tho.^  uf  lis  four  const  it u- 
ents*  It  does  not  keep  long,  as  the  chlorin  gradually  react-K  with 
H'Bier  to  fomi  HCL  It  i©  used  for  dissolving  gold,  platinum,  cer- 
4iun  ores,  compounds  not  soluble  in  othc?r  acids,  and  as  an  oxidiising 
*igent. 

rUiistrati<m.— Place  two  cc,  of  nUric  acid  in  one  tube  and  six  cc.  of 

hyftrwiilftric  acid  in  aaother  aiul  add  a  fragmeat  af  gold  leaf  to  each* 
The  gold  ia  nol  affected^  but  pour  the  liquids  together  and  it  sobn  dis- 

Nitrates, — Nitric  acid  is  monobasic  and  forms  only  normal  salt^, 
Nitrato^  are  formed  by  dissolving  metals  or  their  oxids  or  carbon- 
at<:9  in  nitric  acid  more  or  lees  dilute.  They  are  mostly  soluble  in 
water  and  cr\*f^talljze  wclL  Many  are  anhydrous,  others  have  water 
of  ervs^tallizalion. 

Nitrates  melt  reacHly  and  decompc^tee  at  high  temperatures,  par- 
tially at  first,  foniung  Tritntes,  then  completely.  With  sulfuric  acid 
Uiey  give  nitric  acid.  They  are  imstable  and  powerful  oxidizers  and 
foroi  with  combustibles  detonating  mixtures.  They  are  formed  in 
the  mih  by  the  *ixidati»»n  of  decaying  nitrogenous  organic  matters 
in  the  presence  of  alkalies. 

Chromk  Kitrate,  Cr,fNOi)i  +  ISHiO.  ie  obtained  by  disaohing  CfiOi  in 
nitric  acjd,  Tli*  aohition  is  bUie  by  transTDitted  and  red  by  reflef:ted 
fight.  On  evaporation  a  green  solid  is  obtaifjed  which  cryatajliaes  in 
ptirpl**  oblique  ptiBTns, 

Uraayl  Kitrat*,  r^0i(N0i),  +  OHtO^  is  abtftined  by  dissolving  any  oxid 
of  tjrnniiirti  in  nitric  acid.  It  forms  yellow  fluorcscenl  rhombic  prisma 
whirh  (lijiiquesce  in  moist  air. 

AjaJiioniimi  Nitrate,  NlhNOi^  occnrs  in  small  q  a  an  titles  in  air,  mth^ 
and  wftt^^rs.  U  ia  a  wliite  d<*hquescent  crysialUne  solid  with  a  bitter, 
Ity  taste  and  a  specitlo  ^avity  L7*     It  diBBolyes  in  water  with  lowering 
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of  temperaturo.  If  60  parts  are  dissolved  in  100  parts  of  water  at  13%  the 
temperature  sinks  to  —  13**.  The  freezing-point  of  the  saturated  sdution 
is  —  \1.T.  It  melts  at  159**,  but  begins  to  decompose  at  a  much  lower 
temperature  (86**)  into  hypouitrous  oxid  and  water.  It  may  be  prepared 
by  neutralizing  nitric  acid  with  ammonia  or  ammoniom  carbonate.  On 
evaporation  it  crystallizes  in  long  striated  prisms  or  in  a  fibrous  mass. 

Hydroxylamin  Nitrate,  NH,OH,HNO«,  or  H«N <q~^q^,  is  formed  by 

direct  union  of  its  constituents.    It  decomposes  with  explosive  videnoe 
when  heated. 


NITROGEN   WaTH  SULFUR  AND  SELENIUM. 

Nitrogen  Sulfid,  N^Ss,  is  obtained  by  the  action  of  ammonia  upon  the 
chlorid  or  dichlorid  of  sulphur.  It  forms  beautiful,  yellow,  rhombic  crys- 
tals which  sublime  at  135%  melt  with  decomposition  at  150**,  and  detonate 
on  percussion.  It  has  a  faint  odor,  but  irritates  painfully  the  mucous 
membrane  of  the  nose  and  eyes. 

Nitrogen  Selenid,  NjSe,,  is  formed  by  the  action  of  ammoniom  npon 
selenium  tetrachlorid.  It  has  properties  similar  to  those  of  nitrogen 
sulfid. 

MIXKD   COMPOUNDS  OF    NITROGEN  AND   SULFUR. 

Several  mixod  conipound.s  of  nitrogen  and  sulfur  have  been  formed 
whose  constitution  is  not  very  well  known.  In  most  cases  only  the  salts 
are  known,  the  acid  not  having  been  separated.  In  this  connection,  how- 
ever, the  acid  fonnulas  arc  used: 

Nitrosnlfonic  acid,  ]r(/>^C)a  ;    Nitrosulfonic  chlorid,      /^j>SOt  ; 

Nitrosiilfonic  oxid,  (XO2— SOa)aO  ;  Animon-disulfonic  acid,  NII,(HSO.),. 
The  most  important  of  these  compounds  is  the  nitrosulfonic  acid,  or  as 
it  is  generally  called,  nit rosylsulf uric  acid,  whjch  is.  as  we  have  seen,  an 
intermediate  product  in  the  manufacture  of  sulfuric  acid. 


PHOSPHORUS. 

Symbol  P.     Atomic  weight  31.     Density  62.     Molecular  weight   124. 
P-  P 
Molecular  formula  P4  or  ||        ||  .  Valence  III  and  V.   Melting-point  44.4% 
P  -  P 

Occurrence. — Ph<^sp]iorus  does  not  occur  free,  but  its  native  com- 
pounds are  (juite  nunierou.s.  It  is  found  in  waters  fresh  and  salt 
and  in  nearly  all  rocks  and  soils.     It  is  an  essential  constituent 
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of  bone,  nen'ouj?  and  tnus^lt*  tissue.      It  is  eliminated  horn  the 

iLuiinal  boily  thrcmgh  the  kidneys  as  siRliuni  ammonium   phos- 

NaNHjHPOj,    Tbi^    principal    niinerals    rontnining   phos- 

^.tiva phosphor iU',  Ci^(i\)^U:  apaitW,  3C\tPt  U^^CaFj;  wa\>€lii€, 

U^(Pi)4)3.Aii(HO)^,0HsO;  and  mvmnitr,  h\\(ri)^)j,mp. 

History* — IMiusphorus  was  Wmi  oblaii u'd  by  tht*  alt.'heniist  Brand 

Hamburg  (1669)  by  diistiHing  a  mixture  of  .^and  and  evaporated 

ine.    Galin  in  1809  found  that  calcjuni  phosphate  was  a  con- 

itufut  of  bone,  and  in  1771  Scheelu  published  a  method  of  prqmr- 

ng  phosphorns  from  Ijone-aiih.     Until^  1772  phosphorus  wajs  eon- 

^|lered  a  conipomid  of  phlogist^on  with  an  acid*    At  that  time 

Lavoisier  j^hovved  that  tlie  product  of  its  eombustion  in  the*  air  w^as 

pavier  than  the  phosphorui?  byrried,  and  in  17S9  lie  proved  that 

teiosphoric  acid  eontained  pho^horus  and  oxygen. 

The  tjame  phosphorus,  which  means  lightAKarer^  wa8  applied  to 
ay  substance  that  was  kiminoiis  in  tlic  ilarlc,     To  tlistingujsh  this 
iUstaiiee  from  the  others  it  w^as  ealled  phmphoms  nnrabilw^  or 
Brand's,  or  Boyin'??  or  English  phosphorus. 

Preparation.— Phosphorus  is  prepared  by  reduction  of  phos- 
phatcsi  with  earhnn.  Bone-ash  is  mostly  used,  though  much  phos» 
phorus  i^  nvanufat^tured  from  native  phosphates.  The  process  of 
preparation  may  be  carried  out  as  follows: 

Tb©  boT»e-fish  ov  nadve  phosphate  ia  first  dfgested  with  sufficient  sul- 
furic acid  to  ctmveri  the  normal  oalcium  phosphate  inio  the  acid  salt: 

Ca>(PO»)>  +  2lhB0,  =  2Cnm,  +  CaHitPOO.. 

Thft  acid  pbuB|ihate  femuinsin  solution  and  ia  sepanited  from  the  pr«- 
JpUiitt'd  ciilt'ium  sulfalB  by  fiUration.  It  is  then  m\xm\  with  charcoal  or 
iwdii!^!,  *'Va|K>r;\toi!  to  dryness  in  leaden  reaaels,  and  rais4^d  to  n  duM-red 

^  whereby  wator  is  driven  off  uad  cidcmm  metapliospbate  formed: 

CaHtfPO,).  -  2H,0  +  Cii(PO,)„ 

miitare  is  now  trjinsf  erred  to  bottl^^shiiped  eftrt ben  ware  retorts  so 
Sged  in  a  funuice  that  the  njoutbs  project  at  the  sides  and  are  con* 
Docteil  by  vertictd  pipes  with  vesaek  of  water.  These  retorts  are  raiaed  to 
m  white  beat  when  decomposition  t^ikes  place,  as  follows: 

8Cii(PO,),  +  IOC  =  QaalPO,),  +  lOCO  +  4P. 

U  the  reqiiiaite  amount  of  qunrtsE  sand  bfl  added  the  whole  of  the  pbos- 
pboms  may  be  liberated  as  follows  ; 

2Ca(P0,)«  H-  3810*  +  IOC  =  SCaSiOi  +  l(K:0  +  4P. 


mmim 
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The  phosphorus  distils  over,  passes  down  through  the  vertical  pipe 
into  the  cold  water,  where  it  solidifies,  and  the  carbon  monozid  bubbles 
through  the  water  and  escapes.  The  process  is  dangerous  and  difficult, 
because  of  the  inflammability  and  poisonous  uature  of  phosphorus. 

The  crude  phosphorus  thus  obtained  contains  impurities  mechanically 
carried  over,  and  is  dark  in  color.  Various  methods  of  puriticatiou  are 
used.  It  may  be  pressed  through  chamois  skin,  or  redistilled,  or  treated 
with  a  mixture  of  sulfuric  acid  and  potassium  dichromate. 

The  purified  phosphorus  is  melted  in  a  vessel  surrounded  with  hot 
water  and  drawn  off  at  the  bottom  into  a  horizontal  tube  surrounded  with 
cold  water.  The  stick  of  phosphorus  is  drawn  out  as  fast  as  it  cools  and 
broken  into  pieces  of  equal  lengths.  The  ^usual  size  is  one  half  inch  in 
diameter  and  seven  inciies  long.  * 

Most  of  the  world^s  supply  of  phosphorus,  about  8000  tons,  is  made  in 
throo  factories,  one  at  Oldbury,  England,  one  at  Lyons,  France,  and  one 
at  Niagara  E^jills.    At  tiie  hist  place  an  electric  process  is  used. 

Physical  Properties. — Phosphorus  exists  in  two  allotropic  mod- 
ifications, called  yeUoic  phosphorus  ami  red  phosphorus. 

Yellow  phosi)honLs  is  a  translucent,  wax-like  solid  of  specific 
gravity  1.82  at  16°.  At  0°  it  is  brittle  and  crj'stalline.  It  is  lumi- 
nous in  the  dark  and  has  an  odor  restnnbling  that  of  garlic.  It  is 
always  k(»pt.  under  water  because  it  oxidizes  so  readily  in  the  air. 
It  soon  l()S(\s  its  transparency  and  becomes  coated  with  a  white  film, 
and  wh(4i  exposed  to  H^ht  gradually  turns  red.  It  melts  under 
water  at  44.4°  and  in  a  closed  vessel  without  water  at  30°,  giving  a 
y(»ll()w  li(|uid  which  has  a  specific  gravity  1.76.  When  cooled  this 
li(jui(l  does  not  solidify  until  considerably  below^  its  melting-point, 
but  wh(Mi  touched  with  a  bit  of  solid  phosphonis  it  congeals  at 
once.  It  l)()ils  at  200°.  giving  a  colorless  vapor  which  has  a  density 
02,  indicating  a  molecular  weight  124  and  a  molecular  formula  P^. 
It  sublimes  in  vacuo  at  a  temperature  below  its  melting-point,  and 
(•rystalliz(\s  in  rhombic  dodecahedrons.  Large  crj'stals  may  be 
obtain(Ml  by  sealing  jihospliorus  in  a  ves.sel  filled  with  carbon  dioxid 
and  k(M«ping  it  in  the  dark  for  several  days  with  the  bottom  of  the 
vess(^l  warmed  to  40°.  It  is  insoluble  in  water,  slightly  soluble  in 
ah-ohol,  chloroform,  benzene,  and  ether,  ver\''  soluble  in  carbon 
disulfid  (one  part  dissolves  0.20  parts  P).  Crystalline  phosphonis 
is  easily  o])tained  by  s])ontaneous  evaporation  of  the  solution  in 
carbon  disuliid. 
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Chemical  Properties.— Vollow  phosphonis  is  phemically  very 
itclivu.  It  coinhiuefe  directly  with  most  of  the  eletrioiitSj  both  posi- 
tive and  negative,  A  tenjperaturt*  of  40**,  the.  warmth  of  the  han<l, 
ur  \\\i*  slightest  friction  will  cause  it  to  iiiflame.  It  burns  iu  air  or 
oxygen  with  great  vig(>r,  foniiing  l^^VJ^^  or,  if  the  supply  of  air  is 
Uiiiiteti,  PjOn.  It  skjwly  oxidbiea  and  fumes  in  moist  air.  In  con* 
tact  with  chh»rin,  hromin^  io^lin,  or  nitric  acid  it  bursts  into  flame* 
Th«*  phoj<pl!nrt»scent  light  which  it  emits  is  due  to  oxidation, 
and  h  duiiinished  or  prevented  by  substances  which  diminish  the 
lapiiiity  uf  the  oxiflatinn  (ether,  turpentine,  ethylene).  It  does 
niU  Inirn  rt*adily  in  perf*?ctly  dr\*  oxygen.  Boiled  witli  water  it 
vaporizes  m\h  the  stt^am,  making  it  luminous,  and  this  fact  is 
11-  *  the  detertii>n  of  free  phnsphonts  in  eases  of  phnsphoms 
|-  _      WTien    liydrogen    i5    passed    over   pho^tphorus^    or    is 

evolved  from  a  vessel  eontaiiiihg  soluble  phosphorus  eompovmdSp 
liunw  with  a  green  Ramc  which  will  deposit  on  a  cold  plate  red 
iRsphinnis,     The  spectrum  of  phosphonis  shows  tiiree  green  lines* 

Fhysialogical  Properties* — Phosphorus  is  extremely  poisonnuB. 
In  large  ihisi's  it  caum^s  acute  imins,  sickness,  eonvufisioiis,  and  death. 
When  the  va])or^  arising  from  it  are  cfintiiuiously  breathed,  they 
bring  on  ijls^ea-ses  of  the  bones  of  the  jaws  and  nose.  In  very  small 
dost\*^  it  if^  iiKMlit'iuah 

Red  Phosphortis,— \Mien  phoBphoras  is  heated  to  240°  out  of 
contact  with  the  air.  or  in  a  seale<l  vessel  to  :^00°,  it  is  changed  to 
the  reil  variety,  which  w  as  hard  as  limeBtoite,  breaks  with  a  con- 
eoidal  fracture,  and  has  a  si>ecdic  gravity  IJ.  It  is  usually  ground 
to  |X)wder  under  water  and  treated  with  earbt^n  disulfid  or  caustic 

riodji  to  remove  the  \inchanged  phnsphonis.  The  change  to  the 
bed  variety  is  also  brought  about  by  the  acticm  of  light  or  elec- 
tricity, or  at  a  temperature  of  2V{f  in  the  presence  of  a  ver>*  small 
an^oimt  of  iodin. 

Hed  phosphorus  exhibits  many  striking  differences  from  yellow 
phoHphoms.  It  is  an  amori>hou3,  chocolate-brown  powder  without 
taste  or  smell  It  is  ins4ilid>lG  in  water,  carbon  disulfide  and  other 
solvents  of  the  yellow  variety.  It  is  unchangefl  in  the  air,  but  in 
moist  air  oxidiTies  very  ah>wly.  It  must  be  heated  to  240^^  before  it 
ignites.  It  aablimes  at  h'^h  temperatures,  but  does  not  melt  at  a 
red  heat.     It  is  not  luminous  in  the  air  and  is  not  poisonous.    The 
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change   from  yellow   to  red  is  exothermic:   P  yellow=P  red  + 
37,300  cal.,  and  the  red  is  therefore  the  more  stable  form. 

A  third  allotrope  has  been  described  as  black  metallic  pAos- 
phorus.  If  phosphorus  be  heated  in  a  closed  tube  to  530®  it  sublimes 
and  microscopic  octahedral  crystals  are  deposited  on  the  wall  of 
the  cooler  portions  of  the  tube.  If  lead  and  phosphorus  be  heated 
together  in  a  closed  tube  and  after  cooling  the  lead  dissolved  away  . 
with  nitric  acid,  black,  shiny  cr>'stals  of  phosphorus  reinain  which 
have  a  specific  gravity  2.34  and  are  less  active  than  red  phos- 
phorus. 

Illustrations.— To  a  few  cc.  of  carbon  disulfid  in  a  dish  add  a  bit  of 
phosphorus  and  note  how  it  dissolves.  Dip  a  strip  of  paper  in  the  solution 
and  wave  in  the  air  until  the  C8i  has  evaporated.  The  finely  divided 
phosphorus  on  the  surface  of  the  paper  takes  fire. 

Moisten  a  little  pulverized  potassium  chlorate  with  the  above  solution. 
In  a  few  minutes  the  mixture  explodes. 

To  prepare  crystals  put  a  gram  of  phosphorus  in  a  tube,  draw  out  the 
open  end,  exhaust  with  a  Sprengel  pump  and  seal  with  the  blowpipe. 
Warm  the  phosphorus  until  it  melts  so  that  it  will  adhere  to  the  tube. 
Put  away  in  the  dark,  keeping  the  upper  end  of  the  tube  cool  and  the  lower 
end  warm.  This  may  be  done  by  wrapping  the  empty  end  with  a  rag  kept 
continually  moist.  The  phosphorus  slowly  sublimes  and  crystallizes  on  the 
wall  of  the  tube. 

To  sliow  the  vaporization  of  phosphorus  with  steam  add  a  bit  to  some 
water  in  a  small  flask  closed  with  a  cork  through  which  passes  a  small 
tube.     Boil  the  water  in  the  dark  and  the  escaping  steam  is  luminous. 

Pass  hydrogen  through  a  tube  containing  a  bit  of  phosphorus  gently 
warmed.    The  hydrogen  burns  at  the  end  of  the  tube  with  a  green  flame. 

If  a  piece  of  phosphorus  glowing  in  the  air  is  lowered  in  a  jar  of  dry 
oxygen,  or  in  one  containing  a  few  drops  of  ether,  the  glowing  ceases. 

Uses. — Phosphorus  is  used  in  meXlicine,  in  laboratories,  in 
the  preparation  of  organic  compounds,  as  a  rat  poison,  and  in  the 
manufacture  of  matches.  For  the  last  purpose  one  third  of  the 
world's  supply  is  Used. 

A  match  is  a  wooden  stick  tipped  with  a  mixture  which  contains 
an  oxidizing  agent,  a  combustible,  and  a  substance  which  can  be 
ignited  by  friction.  The  oxidizer  is  usually  potassium  chlorate  or 
nitrate,  the  combustible  is  sulfur  or  paraffin,  and  the  igniting  agent 
is  phosphorus.  The  stick  is  first  dipped  into  the  melted  sulfur  or 
paraffin,  then  into  a  mixture  of  phosphorus  and  glue  with  the 
chlorate  or  nitrate.     If  chlorate  is  used  the  match  pops. 
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Safety  niatches  are  tipped  with  a  mixture  of  potassium  chlorate, 
:>tajssiuni  ilichromate,  red  lead,  and  antimony  ^ulfid*    They  are 
[caused  to  ignite!  l»y  rubbing  them  on  a  rough  surface  coated  with  a 
rinixtuix*  of  rvil  pht»ijipboriis  and  antimony  sulfid, 

Matches  were  first  made  in  1829.    They  were  dipped  m  sulfur 

tippt'd  with  a  mixture  of  sugar  and  potassium  chlorate,  and 

ignited  by  touching  them  to  sulfuric  acid*     Friction  matches 

J-were  intr^KlunBi  in   1SH2,  with  antimony  sulphid  as  the  igniting 

ag^nt.     Pliusphonis  was  tirst  UBcd  by  Romer  of  Vienna. 

Phosphids* — Phosphorus  unites  to  hydrogen  and  nearly  all  the 

■  metub  to  form  pho^hids.    The  metalhe  phosphids  may  also  be 

regarded  as  derivati\*e3  of  hydrogen  phosphid,  the  hydrogen  being 

rvplaceii  by  the  n^etah    The  pho^sphids  are  obtained  by  direct  union 

of  the  elements  or  by  the  action  of  metals  or  metaUtc  oxids  upon 

|liydrc)gen  phosphitL  They  are  usually  brittle  solids  and  many  are^ 
decomposed  by  water* 
COMPOUNDS  OF  PHOSPHORUS, 
PhosphorxiB  ia  ehemically  quite  active  and  forms  numerous  cob 
pQiincb  generally  somewlmt  unstable,  it  unites  directly  with  both 
the  metals  and  the  non-metals,  forms  radicak  with  hydrogen  simi- 
lar to  those  of  nitrogen,  and  yields  acids  which  form  salts  with 
m€mi  of  tlie  metals.  The  normal  valence  is  111,  but  in  the  acids  and 
sait8  it  is  more  commonlv  V. 


CUMPOtrNDf*  OF   PHOSPHOHUS  WITH    tTTDROGEN* 

There  are  four  combinations  of  phosphoms  with  hydrogen,  one  of 
[which  b  a  radical  and  has  not  been  isolated.    They  correspond 
exactly  to  Uie  similar  nitrogen  combinationns.    They  are — 


I 


Hydrogen  phosphid  or  Phosphin,        PH3 


rhosphonium, 

Hy<lri>gen  cliphosphid 

(liquid  hydrogen  phosphid), 

Hydn>gen  t*^tr  a  phosphid 
(Sohd  hydrogen  pbot-phid)^ 


(PH.)' 


P.H, 


2>-H 


H 


P.H.      5>P-< 


H— P— P 
H— P— P 


■Ik 


mk 
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HYDROGEN  PHOSPHID,  OR  PHOSPHIN,  PH,. 

Preparation. — Phosphin  may  be  obtained — 

1.  By  the  action  of  water  or  dilute  acids  upon  alkali  phoephidB: 

Ca«P.  +  6HC1  =  SOaCl,  +  2PH,. 
Some  liquid  PaH4  is  formed  at  the  same  time. 

2.  By  the  action  of  water  or  alkali  hydroxids  upon  pboephoniam  iodid: 

PH«I  +  H,0  =  HI  +  H,0  +  PH.. 

3.  By  the  action  of  alkali  hydroxids  and  water  upon  pbosphoms: 

3NaH0  +  3HiO  +  4P  =  3NaH,P0«  +  PH.. 
In  this  reaction  some  liquid  PaH4  is  formed  and  hydrogen  is  also  set 
free  through  the  decomposition  of  the  sodium  hyposulfite  by  the  alkali 

4.  By  heatiug  phosphites  or  hypophosphites  : 

4H.P0.  =  3H.P04  +  PH.. 


Fio.  63. 

Hydrogen  phospbid  is  most  conveniently  prepared  by  the  third  reaction. 
Strong  solution  of  potassium  or  sodium  bydroxid  is  placed  with  a  few  small 
pieces  of  phosphorus  in  a  small  retort  furnished  with  a  delivery-tube 
which  dips  under  water.  The  flask  is  filled  with  carbon  dioxid  or  coal  gas 
and  then  gently  heated.  As  the  bubbles  of  gas  rising  to  the  surface  of 
the  water  come  in  contact  with  the  air,  they  burst  into  flame,  making 
beautiful  white  rings  of  PjOs.  By  conducting  the  gas  through  a  tube  im- 
mersed in  a  freezing  mixture,  it  is  freed  from  liquid  PaH^  and  is  no  longer 
spontaneously  inflammable.     It  is  still  mixed  with  some  hydrogen. 

Physical  Properties. — Plydrogcu  phosphid  is  a  colorless  gas 
with  an  unpleasant,  garlic-liko  odor,  and  has  a  specific  gravity  1.185. 
It  is  slightly  soluble  in  water,  alcohol,  and  ether.    Its  aqueous  solu- 
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tlon  is  luminous  and  <m\  exposure  to  air  and  lii^lit  deposits  amoi^ 
l>iious  phosphorus.  It  becomes  liquU  at  —  SfP  and  solid  at  — 133.5*^. 
It  iti  \Try  poisonous  and  slujuld  be  handled  A\ith  great  care. 

Chemical  Properties. — Hydrogen  phosphid  is  imstable  and  very 
active.  It  take^  (ire  at  1()0°  and  burns  to  1^0^  and  H^O,  wliicb 
titiite  at  once  to  fomi  phosphoric  acid,  H^PO^.  Ita  mixture  with 
o?cy*]:en  is  violently  explosive.  It  is  flecoinposed  by  heat  and  elec- 
tricity and  in  contact  with  nitric  acid,  chlorin,  brooiiu,  iodiiij  or 
sulfur*    Ita  heat  of  formation  m  (PH^)  =  36^600  caL 

PHOSPHONIXJM   COMPOrXDS, 

Phosphin  is  the  analogue  of  ammonia,  and  like  it  unites  directly 
t4i  the  haloid  acids  to  form  phosphoniuni  halids,  PHg-fHCl  =  PH,CL 
Tin*  mdical  PH^p  called  phosphoniuni,  eonespondfij  to  the  aninioniiim 
radical,  but  forms  few  compc^unds,  since  it  dfjes  not  seem  to  bo  able 
lu  unite  with  acid  railicals  which  contain  oxygeu.  It  forms  double 
haloid  salts  with  aluniinum,  tin,  titanium,  and  antihiony.  Phoe* 
phonium  salts  are  decomposed  by  water  or  alkalis: 

PH|I  +  HjO  =  HI  +  H,0  +  PH,, 

and  hence  solutions  cannot  be  obtained.  The  radical  has  not  been 
LHi>lftti*d. 

PhoAptLonliim  Chlorid,  PHtCl,  is  formed  when  a  mixture  of  phosphltl 
and  l>ydrogea  chl*»rid  is  stibject«d  to  a  pre^ssure  of  is  afraospher^a  or  low- 
ered in  temperature  to  —  33%  It  ts  a  white  solid  which  HubUmes  an<i 
condenses  ia  cubical  crystak.  As  soon  as  the  pressure  m  relieved  or  the 
temyioniture  mi3«d  dj^wiation  takes  place* 

Pbosphotutim  Bromld^  PH*Br,  is  obtamed  by  bdtiging  phosphin  and 
hydrogen  J>romid  together  in  a  cooled  vesael.  It  forms  white  cabical  crya* 
UlU  which  melt  with  deoonipo&itioa  at  30*. 

Phospfeoaium  IwUdj  PHili  may  be  prepared  in  the  same  manner  m 
PH3p,  or  by  the  action  of  water  ^pon  a  mixture  of  phosphorus  and  iodlos 
n  +  lap  +  34H,0  =  SET  +  fiHiPO*  +  7PHJ. 

Two  partft  of  phosphorus  are  dissolved  in  cnrbnn  disiiTfid  in  a  retort  and 
tlime  and  n  half  parts  of  lodin  ndded,  The  OS,  fa  distilled  off.  the  v^sse! 
m^  kopt  frill  of  carbon  d!f>iid.  then  six  parts  of  water  are  added  through 
drnpph>ij-faaneb  The  PTTJ  distils  over  and  m  condensed  in  a  receiver 
or  hm^  tube.     Ti  forms  colorless  lustrous  quadratic  prisms. 

FbosphODiaffl  Bydnixid,  PH4OH.  Wheiy  PHj  dissolves  in  water  there  ta 
|*os!ribly  f firmed  PH4OH,  but  if  so  It  ia  unstable  and  cannot  be  isolated. 
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HTDBOGEX   LIPHOSPHID. 

Hydrogen  Diphotphid,  PJI«.  Kffli'/uid  hydro^n  pho9phid^  is  formed  at 
the  itixii^K  i;:ue  wi:h  {•..u>;iL::i  br  the  actioa  of  pijcassium  hydroxid  upon 
phosphorus,  aiid  in  larger  qua::ri::es  by  the  action  of  water  upon  calcium 
phoaphid.  Calcium  ]'L<>sphid  is  placed  in  a  flask,  the  air  displaced  by  an 
iiiert  gas.  and  iva:or  added  thniugh  a  dropping-funnel.  The  gases  are 
pas.**:d  ti.r^Ui^ii  a  sinmgly  ODoled  U-tube  in  which  the  Pilh  condenses.  It 
L*  a  colorless,  hij^bly  refractive  liquid  which  boils  at  30°  and  is  insoluble  in 
water.  It  takes  tire  in  the  air  aud  makes  combustible  gases  with  which  it 
may  lie  mixe<i  spontanea >usly  inflammable.  It  is  decomposed  by  light  and 
many  chtrmical  agents  into  phospbin  and  solid  hydrogen  phosphid. 

Hydrogen  diphusphid  is  the  analog  of  hydrazin,  but  is  too  weakly  basic 
to  form  salts. 

HYDROGEX   TETRAPHOSPHID. 

Hydrogen  Tetraphosphid,  P«H3,  or  as  it  is  commonly  called,  solid  hydrth 
gen  phnsjMd^  is  a  yellow  powder  formed  by  decomposition  of  hydrogen 
diphosphid,  or  by  the  action  of  chlorin  upon  phospbin,  or  by  the  action  of 
hydrocliloric  acid  U{)on  calcium  phosphate.  It  inflameB  ftt  160*  and  is  de- 
com{>osed  by  concussion. 

HALIDS   i)F    PIK^SPHORUS. 

P}i'»>|)hnrns  fnnii<  iri  an- 1  pH-iitii  halids,  and  also  mixed  oom- 
jv.'iii'ls  >iifh  as  Prxl^  and  PHr.Cla.  The  jx'ntaifMlid  has  not  lx?on 
])n-jiar««l.  lnit  we  have  in>t«.ad  the  radical  PL  or  PJ^.  These  con  i- 
j.f.uii'ls  an-  all  fminrd  l)y  direct  unii>n  of  their  constituents  in 
j)r(»|«'r  ])n)p<»rti<ni.  The  fiimrids  may  be  more  conveniently  pre- 
]»an'l  by  actinii  (»f  thr  chlorids  nf  phosphorus  upon  the  fluorids  of 
ar.-«iiif  and  v'uw.  In  prrpaiin^  the  hnnniils  and  iodids  it  is  best 
tn  di><(»lvc  the  j)h(»s])li()rus  first  in  carbon  disulfid. 

The  ]>hosph()nis  halids  are  all  exothermic  and  some  of  them  are 
quite  stabl«',bnt  they  are  at  the  same  time  very  energetic  chemical 
apents  Ix'causo  of  the  activity  of  their  cohstituents.  The  stability 
increases  as  the  atomic  \veip:ht  of  the  halocjen  diminishes.  The  pen- 
taiod:  1  cannot  be  forme<l.  while  the  pentafluorid  can  be  gasified 
without  decomposition.  They  unite  with  many  other  compounds, 
makiuL'  double  salts.  They  have  the  faculty,  particularly  the 
chlorids.  of  replacinc:  with  the  halojren  the  hydroxyl  of  acids,  both 
oriranic  and  inor<ranic.  and  of  alcrihols.  Tliey  are  all  decomposed 
bv  water  with  formatif)n  of  the  haloid  acid  and  an  acid  of  phos- 
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phoms.  Tliey  are  much  ueed  as  chemical  agents,  particularly  in 
the  preparation  of  organic  coinpounLts. 

The  heat  of  format  ion  is  slio\)^i  in  the  following : 

(PA)  =  "5,500  cal,  (PA)  =  105,100  caL  {Yfiv^)  -  44,800  cal. 
(P,Br,)- 59,100  cah    (PJ,)    =    10/i(X)  caL    (P,J,)  =  19,800  cal. 

PluMpliomus  Fluorid  (Phosphorus  trtfliioriiij,  FFi,  is  a  colorless  gas 
whkb  liquefie^a  under  40  atmospberes  at  10*.  It  attacks gkisa  wheti  ^varmed, 
la  decomposed  b^  heat  and  the  electric  sparky  and  unitee  directly  to  bromin 
%Q  form  PBr,Fi. 

Piiospltonc  Fliiorid  (Phosphorus  pentafliiorid),  PF»,  is  a  heavy  color* 
Ji**i»  srroijg-«mellingga3  wbicb  is  liquid  at  15°  under  4fl  atui08|ilieTes.  It 
f  umoB  in  the  air,  irritates  ihe  mucous  membranes,  and  attacks  moistened 

PhOipberous  Chlotid  (Phosphorus  trichlorid),  PClit  is  a  colorless  higlilj 
retractive  Uquid  of  si>ecilie  gravity  1.0  It  boils  at  76*  and  does  not  liquefy 
at  —  115^.  It  fumes  stroogly  in  the  air,  has  a  pungeni  odor,  and  unites 
directly  to  ehlorin  to  form  PCI** 

Plioiphoric  C  World  ( Phosphor  us  pentachlorid),  PCU,  is  prepared  by  the 
union  of  dry  eblohu  with  PCli,  or  by  parsing  ehlorin  into  a  sola t ion  of 
pboaphorns  in  carhon  disuifid  kept  cold.  It  is  a  yellowish- white  solid  which 
ery«italIi£LS  in  rhombic  plates.  It  fumes  in  the  air^  melts  at  148'  under 
prettnure,  boils  with  decom petition  at  160°^  sublimes  without  meltingp  and 
disat>ciateA  completely  at  ZW  into  PCh  and  CU* 

PliOfphonia  Chlorofluerid,  PCI>F,,  is  a  colorless  gns  which  liquefies  at —8*. 

PhOiphoroua  Brotnid  (Phn.^pli-nuii  tribrumid),  PBn.  is  a  coloriess  fum- 
ing lif]i»id  which  bolls  at  176*  and  has  a  specific  gravity  2.7. 

Piuewpborijc  Bromid  (Phosphorus  pentabromid)^  PBr*,  is  a  yellow  fumi!jg 
j'feitalHne  solid  wbich  melts  to  a  red  liquid  and  dissociates  at  100*  into 
Jr>  and  Bri. 

Fbotpliomi  Bromoflaoridt  PBr-Ft,  iaa  fiimiag  liquid  which  isdecompofed 
by  water  with  virulence. 

Flio«phonis  Bremochlorid,  PBri,OlM  a  yellow  crystal  lino  solid,  melts  at  35*. 

Phoffphoroua  lodid  (Phoftphorus  tri-iodid),  Pli.^ie  an  unstable  deliques* 
at  solid  whkb  cri^stallizeg  in  red  six-sidetf  prisms  and  melti  at  5E', 

Pboaphoras  Tetraiodid,  Pali,  Is  a  yellow  crystalline  solid  which  melts  at 
lior 

PhCMipbonis  lodochlorid,  PI%C1„  forms  large  red  deliqne&oent  si^-sided 
oryi^tals. 

OXTDS   OF   PHOSPHORUB. 

There  art  four  oxids  of  phosphorus  as  follows: 

.P-P 
Phosphonis  monoxid.        P«0        0^^  I      l(?) 
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Phosphorous  oxid, 

P,"'0. 

0-P— 0— P=0 

Phosphorus  tetroxid, 

P,'0, 

>-< 

Phosphoric  oxid, 

P/0» 

0=P— O— P-0 

i 


I 
o 


The  oxids  PjO,  and  PjOg  are  regular  and  unite  to  water  to  form 
acids.  P4O  may  be  a  mixture  or  may  have  the  formula  suggested. 
P3O4  is  either  a  radical  or  a  combination  of  trivalent  and  pen- 

tavalent    phosphorus  with  oxygen,  thus:  0=P — O — Pwx*     "^^ 

hypophosphorus  oxid  VJd  has  not  been  prepared. 

All  these  oxids  are  formed  by  the  oxidation  of  phosphorus,  PjOj, 
when  the  supply  of  oxygen  is  abundant  and  the  others  when  the 
supply  is  limited.  They  are  all  exothermic.  The  heat  of  forma- 
tion of  PjOj  is  369,900  calories. 

PHOSPHOROUS   OXID    (PHOSPHORUS  TRIOXID). 

Formula  P^O,  or  P.Oe.     Molecular  weight  1 10  or  220.    Denaity  1 10. 

Preparation. — Phosphorous  oxid  is  obtained  along  with  the 
higher  oxids  wIk'ii  phosphorus  burns  with  a  limited  supply  of  air. 
To  pre])ar(»  it,  ])lac('  a  piece  of  phos})horus  in  one  end  of  a  tube, 
the  other  end  of  which  is  attached  to  an  aspirator.  Pass  a  slow 
current  of  air  and  warm  the  phosphorus.  The  PjO,  condenses  in 
the  cooler  j)ortion  of  the  tube.  To  separate  it  from  the  1^2^)5 
which  is  formed  at  the  same  time,  connect  the  tube  with  a  con- 
denser surrounded  with  water  at  60°.  The  PijC^s  is  condensed  and 
the  IM)3  i)asses  over  and  may  be  collected  in  a  well-cooled  U-tube. 

Physical  Properties.— Phos])horous  oxid  is  a  white  feathery 
crystalline  solid  which  melts  at  22.5°,  sublimes  easily,  boils  at  173°, 
and  (U^'oniposes  at  .S(X)°  iiUo  phosphonis  and  the  tetroxid.  The 
licinid  solidifies  at  21°,  fonninp  monoclinic  prisms.  It  has  an  un- 
pleasant, frarlie-like  odor,  and  is  quite  poisonous.  Its  density  is 
110,  indicatin.ir  a  molecular  formula  P^O^. 

Chemical  Properties.— Phosphorous  oxid  dissolves  slowly  in  cold 
water  to  form  phosphorous  acid,  II3PO3.  while  vAXh  hot  water  it 
yields  liydroirtMi  i)hosphid  and  red  phosphonis.  It*clissolves  in 
benzene,  carbon  disulfid,  and  chloloform.  It  bums  to  P^O^  and 
inCames  spontaneously  in  warm  air  or  chlorin. 


PHOSPHORIC  OX  ID  {PHOSPHORUS    PENTOXID). 

Formulii  PjO|.    Molecular  weight  126. 

Preparation, ^Phosphoric  oxitl  is  formed  by  the  combustion  of 
phosplmnis  in  an  abuinlaiit  supply  of  air  or  oxygeiu  l^iute  a  bit 
of  phuHpIiurus  ill  a  capsule  on  a  plate  arul  invert  over  u  a  bell  glass. 
E>cns«  clouds  of  P^Oj  fill  the  bell,  antl  gathering  together  in  flakes, 
fall  upoji  the  plate.  For  preparation  on  a  larger  scale  air  or  oxygen 
\s  drawn  through  a  gla.^s  globe  into  which  i>ieces  of  phosphorus  are 
dmpped.  A  cap^^ule  receives  the  phasphonis  and  must  be  warmed 
at  the  be^nning  of  the  operation, 

ni  us  Nation,— The  formation  of  Tfi^f  PjO,,  and  red  phosphorus  may 
|je  shown  in  one  simple  experiment.  Place  in  the  middle  of  an  open 
tube,  about  30  cm.  long  and  1  cm,  in  flia meters  a  amal!  piece  of  phoB- 
phcirns  and  warm  gently.  The  phosphorus  takes  Jire,  but  .^^oon  consumes 
the  air  in  it^  immediate  neijifhborhood,  P^Oj  condpns^ps  netir  the  pho»- 
phonis^  PjO,  fijrther  on,  and  a  portion  of  t\w  phopphorun  h  converted 
into  red  phosfihorus.  By  inclining  the  tuhe  so  a^  lo  LTeate  a  current 
t»f  air  Uir  PjOj  may  be  made  to  burn  with  a  pale-yelluw  (lame  at  the 
end  of  the  tube. 

Physical  Properties.  ^Phosphorie  oxid  is  'a  bidky  white  amor* 
phous  odorless  solid  which  deliquesces  strongly  in  the  air.  It 
usually  has  an  odor  due  to  the  presence  of  a  little  P3O3,  If  carefully 
heater!  to  25tF  it  sublimes  or  volatilizes,  but  above  this  ehanges  to  a 
polymer  wluch  m  a  gas  {>nly  at  a  v\'hit«  heat. 

Chemical  Properties*^ — Phosplioric  oxid  dissolves  in  water  with 
a  blowing  sound  to  fonn  phosphoric  acid.  It  has  a  strong  attrac- 
jn  for  nioiftiure,  and  b  one  of  the  most  powerful  tirying  agents 
aowii  to  the  chemist.  When  not  pure  it  has  a  reducing  action 
rause  of  tlie  presence  of  phospboms  or  its  lower  oxids. 

FliospharuB  Moaoxid,  PjO.— Whf^n  phosjihorus  \s  humeri  in  a  tube 
in  a  «low  current  of  air  an  oranp;e-red  solid  is  obt*ainefl  to  which  the 
lonnitla  Vfl  has  been  t^iven, 

Fbosp1ioru&  Tetroiidi  F^^O,. — Ttiis  compcjimd  is  said  to  be  obtained 
P^Oj  m  li^ated  in  a  closed  tube  to  440°,  It  forms  a  transparent 
line  sublimate  on  the  tube, 

ACIDS   OF   PHOSFHORUS. 

Phosphorus  forms  six  acids  as  folUm^:        .■• 
Hypophospborous  acid,  HaP'^Oj        0/^ — ^ 
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H— O. 
Phosphorous  acid,  H3P"'0,  H— 0-^ 

H— O/ 
Diphosphorous  acid  H— 0\p_rv_p/0-H 

(Pyrophosphorous  acid),  '^'*^'^»    YL-0/^~^^~^\S>—YL 

Orthophosphoric  acid  ^^  h^O^P-0 

(Monometaphosphoric  acid),       •       *    tj— o/ 

Pj-rophosphoric  acid  ttpvo    H— 0\p_^^_p/0-H 

(Diphosphoric  acid),  "'^»  ^^  H— 0/f~'-^V\0-H 

Metephosphoric  acid  H^-pfO 

(Dimetaphosphonc  acid),  '  %0 

These  acids  have  a  tendency  to  act  with  a  basicity  less  than  the 
number  of  hydrogen  atoms.  This  is  due  to  the  way  in  w*hich 
they  ionize.  We  have  from  the  first  only  the  ion  HaPO/,  and 
from  the  second  the  ions  HjPO,'  and  HPO,",  but  not  PO/". 
The  fourtli  yields  successively  with  increasing  difficulty  the  ions 
H,PO/,  HPO/',  and  PO/".  The  salts  are  generally  alkaline  be- 
cause of  hydrolysis,  which  liberates  the  hydrox}4  ion.  Sodium 
phosphate  decomposes  in  solution  as  follows: 

Na3-,P()/"    4-1120=  2Xa-2,HP( )/'  -f  Na-,HO'. 
N.V,in'<V'  -fll,()=  Xa-,HoPO/  +  Xa-,IIO'. 
The    heat   of    formation    of    the   ])l)osphate    ions    is    HjPO/^ 
30S,6()0  cal,  in\)/'-3()7.3()()  ral.,  P(V"=300,600  cal. 

TIYPOPHOSPHOPOUS    ACID. 

Formula  HjPOj,  or  H  PO,H ^O.     Molecular  weight  66. 

Preparation. — By  the  action  of  barium  or  sodium  hydroxid  on 
plios[)honi.s,  pliosphino  and  a  salt  of  hv-pophosphorous  acid  are 

formod: 

SP  +  3BaIT202  +  611,0  =  SBaCH^PO^),  +  2PH,. 

The  acid  is  separated  from  the  barium  salt  by  sulfuric  acid: 

BadLPO,),  -f  H2SO4  =  BaSO,  +  2HsP02. 

The  barium  sulfate  is  filtered  off  and  the  solution  concentrated  in 
vacuo. 

Properties. — IIy]^of)hosphorous  acid  is  a  colorless  liquid  which 
freezes  at  CP,  forming  large  white  leaflets  which  melt  at  17.4**. 
Wh(.'n  lieated  it  dissociates  into  pliosphoric  acid  and  phosphine. 
It  acts  as  a  powerful  reducing  agent  because  of  its  tendency  to 
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absorb  oxygen  and  becnme  pltosphoric'acid.  It  is  a  monobasic 
acid  and  nmy  t>e  a  molecular  union  of  HPO  and  water.  Its  heat 
of  fomiation  is,  liquid  137,600  eaL,  solid  139,970  c^.,  solution 
139,>IW»  caL 

Hypophosphites.— Many  of  the  metals  form  hypophosphites 
which  are  nuistly  crt^stalline  salts.  They  are  deconipo^d  by  heat, 
yielding  pho^phinc*,  hydrogen,  and  a  p\TO  or  motaphosphate. 
They  are  easily  oxidized  to  phosphites  and  phosphates  and  are 
bence  reducing  agents. 

Ammonium  HypopbospMte,  NHjHjPOj,  cr>*3tallizes  in  hexagonal 
tablets. 

PHOSPHOROUS   ACID. 

Formula  H^PO,.     Molecular  weight  82. 
Preparation* — Phosphorous  acid  is  formed^ 

1,  By  union  of  phosphorus  oxid  and  water: 

P,0,  +  3H,0  -  2H,P0j. 

2,  By  the  slow  oxidation  of  phosphorus  in  moist  air, 

3,  By  the  action  of  water  upon  phosphorus  chlorid: 

3H,o  +  PCI,  =  ma  +  P(OH),, 

In  preparing  it  by  the  last  reaction  chlorm  is  passed  through 
phosphorus  melted  under  w^ater.  As  fasit  as  the  trichlorid  is  formed 
it  is  docomposed  by  the  water.  The  current  of  chlorin  must  be 
stopped  before  the  phosphtinis  is  all  consumed,  otherwise  the  phos- 
phorus is  oxidised  to  phosphoric  acid.  The  solution  is  evaporated 
at  180*^  to  a  thirk  Bvrup  which  crj^stallizes  on  cooling, 

Properties.^Phosphorous  acid  is  a  deliquescent  solid  with  a 
garlie-like  odpr  and  taste.  It  melt§  at  70.1°  and  at  higher  tem- 
peratures decomposes  into  pht>sphin  and  phosphoric  acid.  It 
ateorbs  oxygen  readily,  becoming  a  phosphoric  acid,  and  thus  acts 

a  reducing  agent.    Although  it  probably  contains  three  hy- 

txyia,  it  acts  only  as  a  dibasic  acid. 

Iliphoephorous  acid,  H^PjO^^  has  been  prepared  by  shaking 
H,K>j  with  1^8  at  35^,  Drierl  in  a  desiccator  over  P^O,  and 
KHO»  it  forms  deliquescent  cr>'stals  which  nieU  at  38°,  It  di^ 
wvlvi?R  in  water  t*^  HjHl,  and  decomposes  at  ICMF,  yielding  H^P. 

Phosphites. — ^The  phosphites  are  crj^stalline  salts  with  taste 
like  the  acid.  They  are  decomposed  by  heat  and  not  easily  oxi- 
dized. 
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Ammonium  Phosphites,  NH^H^O,  and  (NHJ^PO,,  2H,0,  are  ob- 
tained as  crystalline  solids  by  the  action  of  ammonia  upon  phosphocouB 
acid.  , 

ORTHOPHOSPHORIC  ACID   (MONOMETA PHOSPHORIC  ACTD). 

Formula  HjPO^.    Molecular  weight  98. 
Preparation. — Orthophosphoric  acid  is  formed — 

1.  By  dissolving  phosphoric  oxid  in  hot  water: 

PA  +  Sh,0  =  2H,P0,. 

2.  By  the  action  of  water  upon  PQ,  or  POO,: 

pa,  +  4H,0  =  5Ha  +  H,PO,. 

3.  By  the  oxidation  of  phosphorus  with  nitric  acid  in  a  complicated 
reaction. 

4.  By  the  action  of  sulfuric  acid  upon  calcium  phosphate  or  bone  ash: 

Ca,(PO,),  +  3H^0,  =  SCaSO,  +  2H,P0,. 

Commercial  phosphoric  acid  is  usually  prepared  by  the  last 
method.  It  frequently  contains  arsenic,  from  which  it  may  be  freed 
by  passing  through  it  sulfurous  oxid  and  precipitating  the  reduced 

arsenic  with  hydrogen  sulfid. 

Properties. — Phosphoric  acid  mixes  wdth  water  in  all  propor- 
tions, making  a  solution  which  has  a  pleasant  acid  taste  and  whose 
stren<rtli  is  indicated  by  its  s[)ecific  gravity. 

When  the  solution  is  concentrated  until  the  temperature  rises 
to  1  10°  and  tiien  cooled,  the  acid  crystallizes  out  in  six-sided  rhom- 
bic ])risnis  which  terminate  in  six-sided  pyramids,  and  have  a 
spcH'ific  f!:ravity  1.88.  It  melts  at  3S.6°  and  at  160°  begins  to  de- 
compose into  water  and  diphosphoric  acid.  Its  silver  salt  is  yellow. 
The  heat  of  formation  of  the  solid  acid  is  302,600  calories. 

Orthophosphates. — Orthof)hosphoric  acid  is  tribasic  and  forms 
acid,  normal,  and  double  salts.  With  alkali  metals  it  usually  re- 
tains one  or  more  hvvlrogen  atoms,  and  when  only  one  remains  the 
salt  is  alkaline  because  of  the  strong  basic  character  of  these  metals? 
With  other  metals  the  three  hydrogen  atoms  are  usually  replaced. 
I)()ul)le  salts  are  very  common.  Examples  of  these  phosphates 
are  calcium  phosphate,  Ca3(P()4)2,  hydrogen  disodium  phosphate. 
IL\a.,P()4,  dihydrogen  potassium  phosphate,  H2KPO4,  and  hydro- 
gen sodium  ammonium  phosphate,  HNaNH^POi  (microcosmic 
salt). 
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Orthophosplmtes  in  ammoniacal  solution  are  precipitated 
by  magnesium  BiiJfate  as  ammonium  magnesium  phosphate, 
N?T^M|^PO^,  and  are  thus  recognize<l  and  quantitatively  de- 
t4?rmuiLHL 

Ammomum  Orthophospliates* — Tliere  are  three  salt«: 

Monammonium  phosphate,  NHJIjPOij  square  prismSj  specific  grav- 
ity 17, 

A>*lanU3Poniuin  phosphate,  (NHJ^PO^,  monoclinic  prisms,  specific 
gravity  L6, 

Tmrninonium  phosphate,  (NH^)jPO^,  SH^O,  short  pyramids* 

Chromium  Or  the  phosphates, — (^liromit*  orthophosphatp  has  two 
forms,  CrPaOp,  12H/),  violet  crj'stal.**^  and  Cr^PjO^^  f»HjO,  green  crystals. 

Chronious  orthophosphate,  Cr|PjO|,  HjO,  m  a  blue  solid. 

rL  DiPHoaPHORic  ACm  (PYraiPHosPHuRic  acid). 

Formula  H^P^O^*    Moletiilar  weight  147. 
PrepftratioB. — Dipbosphoric  acid  is  fnrme<l  by  heating  the  oilho 
acitl  to  213°  until  Mb  sohttion  gives  a  white  preeipjtate  witli  silver 
nitrate,  or  hy  the  vminn  of  the  ortho  and  ineta  aeids  in  molecular 
prcjjmrtions:  Hgl'O,  +  HPO^  -  H,P^O,. 

Properties. — f)i[>bnspliorie  acid  is  an  opaqtie  white  erygtalline 
scdicL  Its  aqueous  solution  passes  to  the  ortho  acid,  slowly  in 
the  cold,  rapi<liy  when  lieated. 

Diphosphates  or  Pyrophosphates.  —  Although  diphosphoric 
^Bieid  is  tetnibaf^lc,  mily  \wu  j^erieB  of  salts  are  formetJ,  since  the 
"Rydrogen  atoms  arc  replaced  in  j>airs.  For  exatnple^  we  have 
H,Xa,P,0,  and  Na^Pp^,  the  first  slightly  aeld  and  the  second 
alkaline.  The  diphosfihates  are  obtained  by  heating  the  mono- 
hydrogen  orthophoaphates.  The  salts  of  the  alkalis  are  soluble, 
while  die  others  are  insoluble^  in  water. 

Animomum  Diphosphates,  (NIIJ^PjO^  and  H^CNH^jjPjO^,  are  formed 
hy  the  nrtion  tif  auinit)nia  upon  diphosphoric  acid. 

Chromiim  Diphosphate,  Crj(P,07)j,  is  obtained  as  a  green  precipitate 
by  adtiing  Xa^P^Oj  to  elirome  alum  solution, 

^K  MKTAPHOSJ'IIOHIC   ACID   (olMETA PHOSPHORIC   ACID). 

^B  Formida  HPO^.     ]Molp<*ular  weigh  1 80. 

^B  Preparation. — ^MetAfThosphoric  acid  is  obt^ned  by  dissolving 
^^phoephorie  oxid  in  cold  water:  Il^O  +  P^O^  =  2HP0a;  or  by 
I     hi^ftting  ortho  or  diphosjihoric  acid  to  400°* 
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Properties. — Metaphosphoric  acid  m  a  glassy  transparent  deU 
quescent  solid  called  glacial  phmph&ric  mid.  It  melts  above  400* 
and  vaporises  at  a  red  heat.  It  fomis  an  aqueous  st:»liition  whieh 
precipitates  albumen^  a  fact  which  serves  to  distinguish  it  from  the 
other  phosphoric  aeids.  Its  solution  changes  slowly  in  the  cold, 
rapidly  when  heateil,  into  H^PO^. 

Metapho&pbates. — Metaphosphorie  acid  is  monobasie  and  can 
form  only  normal  salt§.  These  are  obtained  by  the  action  of 
metals  on  the  acid,  or  by  heating  the  dihydrogen  ortho  salts; 
NaH^PO^  ^  NaPO^  -f  HjO.  With  boihng  water  this  action  is 
reversed.     They  give  a  white  precipitate  of  sOver  phosphate. 

Tests, — ^The  three  phosphoric  acids  may  be  distingidshed  as 
follows : 

M  eta  phosphoric  acid  coagulates  albumen  and  make^  a  white 
gelatinous  pmcipitate  with  silver  nitrate. 

Di phosphoric  acid  has  no  action  on  albumen  and  makes  a  white 
crystalline  precipitate  with  silver  nitrate. 

Orthophosphoric  acid  has  no  action  on  albumen,  gives  a  yello 
precipitate  with  silver  nitrate,  and  a  yellow  precipitate  of  animo' 
nium  phasphoniolybdate  with  solution  of  anmionium  molybdatc 
in  nitric  aciiL 

OXTH.\Ll»8   OF    PHOSPHORUS, 

Fbospbonc   Oiyfluortd,  POF„  is  formed  by  the  action  of  TJO^  tip 
fluorids.    It  is  a  fuming  gas  which  liquefies  at  —  50°,  or  at  16^  und^ 
15  atmospheres,  and  at  low  temperatures  is  a  snow-like  solid. 

Phosphoric  Oxychlorid  (Fhosphoryl  chlorid),  FOCI,,  is  obtained  by 
the  action  of  PClj  uj>on  water  or  PjOg,  or  by  heating  PClj  with  oxalic 
or  boric  acid: 

3PC1,  +  2H,B0,  =  6Ha  +  B,0,  -f  3P0a,, 
It  is  a  colorless,  fuming,  highly  refractive  liquid  which  boils  at  107*  and  at 
—  10*  becomes  a  white  cr>-&talljne  solid  which  melts  at  1**,    With  water 
it  forms  orthophosphoric  and  hydrocMoric  acids: 

POa^  +  3H,0  =  H,PO,  +  3Ha. 

ZHpbosphoric  O^chlorid  f Pyrophosphoryl  chlorid) ,  P^O^Clj,  is  formrd 
fey  pafising  NO^  through  PCI,.  It  is  a  colorl^^,  fuming  liquid  which  boil* 
at  210*  and  with  water  yields  orthophosphoric  acid.  Its  vapor  H-ttacis 
the  eyes  and  now»    Specific  gravity  1J8. 

Phosphtmc  Orybromid  (Phosphor>'l  bromid),  POBr^,  is  obtained  by 
the  action  of  Br  upon  moist  air  or  oxalic  acid.  Colorless  plat^  which 
mdt  at  55"*  and  boil  at  195°. 
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Phosphoric  Oiybromclilorid,  POBrClj,  is  a  colorless  liqtild  m*hich 
8Dlidi^c«i  at  0^  to  tablets  whioh  tiielt  at  IT. 

rOMPOtI>:DS   OF   PHOSPlIOErS   AND   SULFTJB* 

Several  compounclB  of  (ilniisphonjs  aiad  giilfur  have  been  de- 
scribed, only  two  of  which  are  regvilar*  The  others  are  either 
radicals  or  mbctures.  They  are  all  fnrined  by  heating  phosphorus 
and  sulfur  together  in  the  proportiotis  iinlicatt*d  by  the  formulas. 

Phosphorus  Monosulfld,   P,8»  a  heavi^'p  oily  liquid,  very  intiamiuable. 

Phosphorus  Disulfid,  Pj8j,  a  ydlow,  fuming,  infiammable  liquid. 

Phosphoni®  Trisulfid,  P^S^,  a  yeliow  frystalline  solid,  melts  at  142°, 

Phosphorous  Suifid  (PhospKorus  trisuliid),  PjS,i  or  P^S^i  a  colodess, 
odorless,  ta^^tele^,  cr>'8tallitie  solid  which  melts  at  20(P|  sublines  above 
this,  and  boila  at  490^, 

Phosphoric  Suifid  (Phosphora^  |>entasulfid),  P^S,,  a  ydlow  crystal- 
line sohd,  melts  at  274°,  boils  at  520°,  is  decomposed  by  water.  It  is 
used  ill  preparing  many  organic  compounds. 

Thiophosphatfrs*^ — There  are  several  phospbatei^  in  which  oxygen  is 
paniiiUy  or  wholly  replaced  by  wulfyr;  as  so<lium  thiox>T>hosphate, 
XajPSOj^  12HjOj  and  sodium  tliio phosphate,  Na^PS^* 

Thiohallds. — Phosphorus  forma  with  fluorin^  chlorin,  and  bromin 
thiohalidn,  iw?  P8CI,;  also  mixed  thiohalids,  as  phosphorus  thiobrom- 
chlorid,  P^BrO^f. 

PHOSPliORUS  WITH    SELENIUM    AND  TELLtmiUM, 

Thrre  are  four  selenids  of  phosphorus:  P<J^i  a  yellow,  bad-smelting 
tiqtiid;  P^SOj,  a  red  solid ;  PjSej,  a  ruby-red  liquid;  and  PjSe^,  a  red 
crysialiine  solid. 

Tliere  are  a  few  seleo phosphate*^  m  which  selenium  replaces  oxygen. 
Tellurium  forms  one  or  two  phosphids  and  a  few  other  compounds. 

COMPniTXDS  OF   PHOSPHORUS    WITH    NITHOGEN, 

There  is  small  affinity  between  phosphonas  and  nitrogen,  and 
yet  they  exiBt  together  in  many  moleeides.  These  compoundjs  may 
be  regarded  as  derivatives  of  ammonia  or  as  amidogen  derivatives 
of  i>}KJS(>hori€  acid.     Examples  are: 

Ph^iphajB,  PN{NH),  or  N  s  P  =  N  -  H,  ii  obtained  by  the  action 
of  PCI,  upon  ammonia*    It  is  a  light,  white  powder,  insoluble  in  water 
_9a:ii\  in  fur  ihle  below  a  red  heat, 

PhMphAinid,  P*0(NH)NH„    or    0  =■  P^    ^  H,  is  obtained    as    a 

ifdUte  insoluble  powder  by  the  action  of  water  upon  phospham. 


H— ■-..*  >>.  AvcL.-  •^'-±-'  T'.  I*?KTr  1-50.'  Mo3«rular  wei^t 
3r/.       "    -    ,_i.-  :  .r::.-i  .---.      ^:*i^-i<   rri-.-.-y  .;.i:4  to  o.W.     Melting- 

C^i^s-rreace.— Arv  :.^-.  L^ :  _-.  i  :r^  ir.  ^:;-ill  .uAr-iiiiies  in  no<luIes 
or  "^. -•il-  '"•  ::.■..:.-:  1:  ••-»?'^r  1:.  v^.-^  f.mis:  as  sulfids  in 
r-'il^-i:  -v--*";  i.'. :  ^  :::.-:-:.  A-V^i^  i-'^  ^rs^ii  L?  •:•:  iron.  FeAsj  and 
f-,A.-,  f  :..  '.:•-'..  NLV-  iT-i  NL\>w.  ■:  c^  ::<al:.  CoAs,:  as  mixed 
fif.rr.y  ::.  i-.  irw::.:.-;i:  :  yrl:*^.  I>A=S:  o»  r^il:  clance.  CoAsS:  nickel 
;:Ia:.'-  .V:A.<*:  il--  s>  '.:.v  >::  i  A-V  »3.  ar.i  a>  arsf-nates.  It  occurs 
Sfc-  i*.  !: .;.  .rl'y  L'.  ::ji:.y  «»r^.  ts-*w  liHy  :ho  suIS.is.  and  hence  is 
:..:.  s  ■;.  - ,'.:  .r.':  a'!:  rt.ii'.-  fr  ::.  :'>t:>:^.  Ii  l?  a  constituent  of 
.V  i- '--i*'-.'  ?A:.i  .'.'.ir-v  ::.:r.'ral  "Wiv-r*. 

History.— T'r.'-  -  ;!::  Ls  *>:  arv-:.:'?  wen?  kn«twn  to  the  ancients. 
T..' V  ....•":  'ci!l-  :  riy  Arlsv-tlv  S'lv/wnxtA*.  ani  by  Theophrastus 
o'-^y.  .'./r..  Ar-:.'.>  'x:  i  was  kii«'wn  to  Geber.  Valentine,  and 
Aivr^-  Ma:::.:.-:.  Th*-  ♦•!i::>-nt  was  first  obtained  by  Schnxler 
i.'i  Hi'*;,  .'ir.'i  *:.••  r-'»r:i;H.s:'i(jii  i.^f  arsenoiLS  oxid  was  ascertained  by 
lira::  i?  i:.  177;i. 

Preparation. — Ar-*  ni'-  is  rirr-pan:-'! — 

].   Jiv  -  ^i'..:l..:.'^  r!.-   !.;s':v  nrr^-riir. 

J.  j;v  i.'.i-::.::  .ir-»:."  i-  •  x:-!  Aitl!  (•harroal: 

JA-_n,  ^  :jr  ..  :iCn.  .  As,. 

o.  iiv  r'.-«-vr.L'  ;ir-«-i..i--iI  |-yr;t—:  I-'»-.V-S  =  Ft'S  +  As. 

(•.!.■■  !♦  i:ii  :i!''r.i''  i-  UM;:illy  niiTaiiitMl  by  the  last  method. 
"11;..  >.:■  i  }:'a?''l  in  <:irt!iriiwan'  cyliii«l<Ts,  into  the  mouths  of 
.,.;,.:  ....  ;..,,  I-:,.  1  r  yliii'i'rs  <ii'  >h<'i't  iniii.  Tlu'  ars^Miir  .sublimes  into 
ti/  i-  ..  '  vi!!i  j:  i>.  i'r'»ni  wliicii  it  is  rnnnvo.)  by  unrolling  the  sheet. 
'{',,  f.-.-:  '.  i!.  i!  i.-  if-MMiin'-'l  with  cluirroal. 

Physical  Properties.  -Arsmic  is  a  brittle  steel-jrray  nietal- 
]]':.(■  .-'ill  1  wlii'h  rrystalli/cs  in  rhonilxjliednms.  II  has  a  specific 
'jvuv'.'v  .'.'■»  1  i'>  •">.'.»■»  ami  sjM'cific  ln'at  0.0S3.  It  is  insoluble  in 
\v:ii<  r.  ;i1'm!:m1.  jmmI  rthf-r.  It  i<  vnlatilc  above  1()()°,  sublimes  rapidly 
;,t  10')  ,  .'iii'l  1 1  wits  (»nly  iin»l<M-  prrssnro.  Its  vapor  has  a  hMuon- 
v»ll'.-.v  rnlof  aii'l  a  <]i<a'j:nM'abl(*  traiTu'-like  odor.  Its  density  is 
i:.()  1.1  sc,()\  iii'licMtiiiir  a  niolocular  formula.  As^.  At  hijrher  Xcm- 
\H-VA\r. ]■<■'■  \\  <li--nciairs.  nntll  at  ITMi"^  its  <lensity  is  only  100. 

Aixi'/u-  ('\ists  in  at  least  two  ailntropic  modifications,  the  one 


Ch.  XXVI.l        THE  NITROIDS.    NITROGEN  GROUP.  365 

just  described,  and  another  which  is  called  amorphous  arsenic. 
The  latter  is  formed  when  arsenic  is  sublimed  and  suddenly  cooled, 
or  when  hydrogen  arsenid  is  decomposed  by  heat.  It  is  a  black 
amorphous  lustrous  powder  of  specific  gravity  4.71.  At  360®  it 
reverts  to  the  crystalline  form. 

Chemical  Properties. — Arsenic  is  quite  active  and  forms  a  large 
number  of  compounds.  It  tarnishes  in  moist  air  and  ignites  at  180°, 
burning  to  AsjO,.  (Amorphous  arsenic  remains  unchanged  in  the 
air.)  It  is  oxidized  by  nitric  and  sulfuric  acids  and  its  oxids  are 
reduced  by  hydrogen  sulfid.  It  inflames  spontaneously  in  chlorin 
and  bromin.  It  combines  directly  with  most  elements  and  its  acids 
form  numerous  salts.  It  is  a  non-metal,  but  in  its  physical  proper- 
ties it  is  quite  metallic  and  in  some  of  its  chemical  actions  it  is  basic. 
In  many  of  its  compounds  with  the  metals  it  shows  a  striking  resem- 
blance to  sulfur. 

niustirations. — ^The  sublimation  of  arsenic  and  the  two  allotropic 
forms  may  jbe  shown  by  heating  a  fragment  in  a  tube  through  which 
a  current  of  hydrogen  is  passing.  That  which  condenses  near  the  heated 
portion  of  the  tube  is  crystalline,  while  that  deposited  further  on  is 
amorphous. 

Physiological  Properties. — ^All  the  soluble  compounds  of  arsenic 
are  violent  poisons  and  its  detection  becomes  often  a  matter  of 
great  importance  in  medico-legal  procedures.  The  tests  will  be 
given  later.     Some  of  its  compounds  are  useful  medicines. 

Uses. — Arsenic  forms  alloys  with  many  metals.  It  Ls  added 
to  lead  from  which  shot  are  to  be  made  because  this  alloy  assumes 
the  spheroidal  form  better  than  pure  lead  as  it  falls  from  the 
shot-tower.  Some  of  its  compounds,  as  I^ondon  purple,  Paris  green, 
and  arsenous  oxid,  are  much  used  as  poisons  for  the  destruction  of 
insects  and  vermin. 

Arsenids. — Arsenic  is  not  very  strongly  negative  and  hence 
forms  rather  weak  and  not  ver\'  definite  compounds  with  the 
metals.  Indeed,  many  of  them  are  alloys  rather  than  compounds, 
and  the  union  is  made  in  varying  proportions  without  much  regard 
to  valence.  We  have,  for  example,  native  copper  arsenids  as 
follows:  DomeykiU,  CugAs,  Algodoniie,  CuoAs,  and  Dorunnitc,  Cu^As. 
The  arsenids  and  alloys  are  usually  brittle  solids  and  are  of  but  little 
commercial  value. 
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ARSENIC   COMPOUNDS. 

Arsenic  forms  numerous  compounds,  mainly  resembling  those 
of  phosphorus.  It  forms  arsenous  and  arsenic  compounds  with 
valences  III  and  V,  but  the  elemental  ions  do  not  readily  separate. 
The  arsenites  and  arsenates  resemble  the  corresponding  phos- 
phorus compounds  and  the  acid  ions  have  a  tendency  to  retain 
the  hydrogen. 

Some  of  the  thermal  equations  are  as  follows: 

(As^.Og)  =  15-t,7(K)  cal.  (Asj03,Aq.)  =  -  7,600  caL 

(IIs,As) 44,100  cal.  (As,Cl3)  -  71,500  cal. 

(As,Br3)  =  44,900  cal.  (As,!,)  =  12,700  cal. 

(As2,05)  =  219,400  cal.  (H3,As,0J  =  147,100  caL 

(H3,As,0„Aq.)  =  215,300  cal. 

COMPOUNDS  OF  ARSENIC  WITH  HYDROGEN. 

Arsenic  forms  three  compounds  with  hydrogen:  A  gas,  H^;  a 
solid,  IIjAs,  or  H — As  =  As — H,  and  a  hypothetical  compoundi 

H4AS2  or  TT>As — As<TT,  corresponding  to  hydrazin.    The  last 

has  not  been  separated,  but  its  derivatives  are  known,  the  most 
familiar  of  wliich  is  the  organic  compound  called  cacodyl,  As^iCEi^^. 

HYDROGEN   ARSENID    (aRSIN). 

Formula  HjAs.     Molecular  weight  78.    Density  39. 
Preparation. — Hydrogen  arsenid  is  formed — 

1.  By  the  action  of  dilute  acids  upon  zinc  arsenid: 

As,Zn3  +  SHjSO,  =  3ZnS0,  +  2H,.\s. 

2.  By  the  action  of  nascent  liydrogen,  as  when  a  compound  of  arsenic 
is  added  to  a  ves.sel  from  whicli  hydrogen  is  being  evolved: 

AsO,  +  OH,  =  .311,0  +  2H3Aa. 

3.  In  tlK^  reduction  of  arsenic  comj>ounds  by  decaying  organic  mat>- 
ters.     It  may  thus  occur  in  rooms  covcTed  with  arsenical  wall-paper. 

Properties. — Hydrogen  arsenid  is  a  colorless  poisonous  gas 
with  a  garlic-like  odor.  It  condenses  to  a  liquid  which  melts  at 
—  oo*^  anrl  it  iM'comes  a  white  crystalline  solid  at  —  114®.  It  is 
slightly  soluble^  in  water  and  the  solution  deposits  arsenic  on  ex- 
posure^ to  th(^  air.  It  burns  with  a  bluish-white  flame  to  water  and 
arsenous  oxid.     If  tlie  flame  is  cooled  by  holding  in  it  a  porcelain 
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plate,  black  metallic  an^nic  is  deposited*  It  makes  an  explosive 
niixturc'  with  oxygen*  It  h  leBA  stable  than  amnjoi^ia  and  ])hos- 
|)!iin,  \s  eimly  decomposed  by  heat  and  chemical  reagcfitsj,  and  is 
a  rc'duciiig  agent.  It  acta  with  the  halogens  to  form  the  halid  of 
im^enic  arifi  the  haloid  a»'id.  It  fjreeipitates  silver  from  silver 
nitrate  ami  copper  arsenid  from  copper  sulfate. 

Arsonium  Compounds.— Hydrogen  arsenid  is  not  strongly  alka- 
line like  ammonia  and  photsphin.  Arsonium  hydruxid,  AsH^OH, 
lim  not  been  isolated,  but  its  tleri\'atives,  as  well  m  tliose  uf  hydro- 
gen arsenid,  are  nimiarous.  In  theni  the  hydrogen  atoms  are 
usually  all  replabed.  There  are  many  compounds  which  contain 
Oi^tiic  radicals,  such  as  methyl  ar&indichlorid,  AstCH^)Clj, 

Marsh's  Test  for  Arsenic.^The  common  method  of  detecting 
ar^nie  is  that  of  Man?h.  Into  a  vessel  from  w^hich  hydrogen  is 
being  evolved  by  means  of 
zinc  and  sulfuric  acid  the  liquid 
be  examined  is  introduced, 
arsenic  h  present  ^  the  nas- 
Wit  hydrogtm  conveiis  it  into 
,As  and  this  gas  pa^se^  t»nt 
itli  the  hydrogen.  <>n  ignit- 
:  the  jet  and  holding  a  white 
>rcelain  plat-e  in  the  flame,  a 
ck  Kpot  of  amorphous  ar- 
is  protluced*  If  the  tube 
irough  wiiich  the  gas  is  pass^ 

ng  he  heatf^d,  a  mirror  of  arsc^nic  is  deposited.     Antimony  makes  a 
similar  spot,  but  is  distin^uij^lied  easily,  since  the  arsenic  is  soluble 
calcium  h>'poch]orite,  while  antimony  is  not. 
Solid  Hydroeen  Araenid,  UjA%,  k  formed  by  the  action  of  potassium 
'  sodiufn  arfteoiii  on  water.    It  ij?  a  soft  unstable  bro^^Ti  powder* 


Fig.  64. 


HALinS   OF   ARSENIC. 

Arsenic  forms  all  tlie  trihalids  and  pentahalids  of  chlorin  and 
lin.    These  compounds  are  formed  by  direct  union. of  the  ele- 

ticnt.s  or  by  the  act  if  m  of  halidj^  upon  arsenic  and  its  compounds. 
Anenous  Plaoridj  A«f\,  m  a  cokirle^s  funiiiig  liquid  of  specific  gravity 

Its,     It  boila  at  (U^,  etchrs  glass  and  d^om poses  water. 


lihiiiHiifai 
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Anenoiis  Chlorid,  A0CI.,  is  a  coloriesB  fuming  oily  liquid  of  speeifio 
gravity  2.2.  It  is  solid  at  -30^  and  boils  at  134^  With  water  it  yields 
araenous  hydroxychlorid,  As(HO)CL,  as  well  as  the  oxychlorid  AsOd 

Arsenic  Chlorid,  AsG,,  is  formed  by  union  of  AsCl,  with  CI  at  —35** 

Arsenous  Bromid,  AsBr,,  is  a  colorless  deliquescent  crystalline  solid 
of  specific  gravity  3.G6.  It  melu  at  2Xf  and  boils  at  22Xf.  With  water 
it  yields  ansenous  oxy bromid.  As()Br. 

Arsenous  lodid,  .Vsl,,  forms  red  hexagonal  CT%*8tals. 

Arsenic  lodid,  Asl^,  b  a  brown  crystalline  solid. 

OXIDS  OF  ARSENIC. 

There  are  two  oxids  of  arsenic,  both  of  which  form  acids: 
Arsenous  oxid,        As,'"0,    O  =  As— C)— .\s = G 

Arsenic  oxid,  Asj^Oj      O  =  As — O — As = O 

li  II 

O  O 

ARSENOUS  OXID. 

Formula  AsjO,  or  As^,.  Molecular  weight  198  or  396.  Density  198, 
Preparation. — Arst^nous  oxid  is  commonly  known  as  arsenoftu 
acid  or  white  arsenic  or  simply  arsenic.  It  is  prepared  on  a  large 
scale  by  roasting  arsenical  pyrites  with  fn*e  access  of  air,  or  as  a  by- 
product in  the  nMluctioii  of  arsenic-bearing  ores.  The  oxid  formed 
volatilizes  an«l  is  condensed  iu  lar^e  chaniln^ns.  It  is  also  obtained 
by  burninir  arsenic  in  air  or  oxygen,  or  by  oxidizing  the  metal  >vith 
nitric  aci'l.     It  is  purificMl  by  sublimation. 

Physical  Properties. — Arsenous  oxiil  has  three  allotropic  modi- 
fications: 

1 .  Ortdht  dral  ars(  nnus  oxid. — This  variety  is  obtained  by  quickly 
coolint]:  tlie  va|)or  or  by  evaj)oration  of  tlie  solution  in  water  or  hy- 
drochloric acid.  It  crystallizes  in  regular  octahtnlrons  of  specific 
gravity  o.OMi.  and  as  tlic  crystals  form  from  the  solution  in  hot  hy- 
(Irocliloric  acid,  they  f)hosphoresc(^  in  the  dark.  It  is  less  soluble 
than  the  amorphous  variety.  It  sublimes  at  200°  without  melting, 
but  melts  innhT  pressure. 

2.  Pr'Si/ndt'r  ars^  nw/s  oxid. — This  form  is  obtained  by  cn^stalliz- 
inir  from  hot  solution  in  j)otassium  hydroxid.  or  by  c(X)ling  the  vapor 
>lo\vly.     It  forms  rhombic  prisms  of  specific  jrravity  3.7. 

.'».  Atnnrjihnus  or  rifnnu.<:  (ir.^cnir  oxid. — This  is  a  colorless  trans- 
])areiir  vitrroiis  mass  (obtained  by  condensing  the  vapor  near  the  sub- 
liminir  temj)eratur(\     It  gradually  becomes  opaque  and  changes  to 
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the  ocUilifMiral  form.  The  change  h  attended  with  the  evolution  of 
^90  gram-hput-UTiits  and  a  ^liglu  tlet'teasc  of  s]>ecific  gravit}-.  It 
mellB  ttt  200°.    At  600*^  the  demity  is  198;  at  ISOlP,  90. 

Aj-seiiuus  f>xid  dissolves  slightly  in  water,  readily  in  acids.  The 
aqiie<jus  stilution  has  a  giweetish  taste  and  a  feebly  aeid  n^action* 

Chemical  Properties* ^Arsf*nr>us  oxid  unites  with  basic  oxiib  to 
form  iirsenitci?,  and  in  this  r^^^speet  arsenic  is  a  urn>-metal.  It  also 
rti8fiolvc&  hi  acids  fornmig  salts  and  therefore  ha.^  basic  charaeters* 
It  is,  however,  a  very  weak  base,  forming  only  a  few  compounds^ 
amon^  wluch  are  the  halids  and  a  sulfate,  AsjC^C^j)^  +  ^i\.  Nas- 
cent hydrogen  converts  arsenous  oxid  into  arsin  and  carbon  reduces 
it  to  amenic.     Hydrogen  sulfid  precipitates  it  from  aeld  HolutiuiLS 

Physiological  Properties*— Arsenous  oxid  is  extremely  pni.s<m- 
oiis*  li  ha^  a  twiJlVild  elTect  In  the  first  place  it  actv*^  as  an  iiTitant. 
causing  infianiniation  of  the  mucous  membrane  of  the  stomach,  and 
in  the  second  place  it  act^  upon  the  nen'ous  ^stem.  It  causes 
aausea,  tinrst,  trembling,  delirium,  and  death.  The  antidote  ia 
ffMshly  priori  pi  tated  ferric  hydroxide  which  produces  an  insoluble 
ferric  arsenite. 

If  arseno\is  oxid  lie  taken  in  sniall  iloses  and  the  dose  increased 
from  day  to  day,  the  system  becomes  accustomed  to  it,  and  large 
quantities  may  l^  taken  with  impunity.  The  effect  is  to  produce 
for  a  time  plumpness  of  form,  softness  of  skin,  whiteness  of  com- 
pilation, and  iitii^rovenient  of  breatliing.  It  has  tiierefore  been 
used  m  a  Wautifier.  It  is  sometimes  fed  to  fattening  hogs  and 
\i*oniniit  hon^*fi.  When  its  use  h  abandoned,  all  the  symptoms  of 
ar«*iiic  poison i rig  appear. 

Uses,--Arsenous  oxid  is  used  as  a  poison  in  the  preparation 
of  other  arsenic  conipoirnds,  in  the  manufacture  of  arsenieal  paints, 
aiiUin  colors,  and  glass,  and  by  taxidermists  as  a  preservative* 

ARSKXTC   nXTD. 

Formula  M,0,.     Molecular  weight  ^30, 
Preparation^ — Arsenic  oxid  is  not  produced  by  direct  oxida- 
tion of  aniinlic  or  arsenous  cjxid,  but  is  ol»tained  by  bringing  arsenic 
ucid  to  a  red  heat :  2H^sO<  -  3H/_>  4^  As/X,. 

Properties. — Arsenic  oxid  is  a  %vhite  deliquescent  solid  of  spe- 
t!iiic  gravity  3.7.     It  dissolves  in  water  to  ftjrni  arsenic  acid  and 
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at  a  temperature  above  a  red  heat  decomposes  into  aiBenousoxid 
and  oxygen. 

ACIDS  OP  ARSENIC. 

Arsenous  and  arsenic  acids  occur  in  three  forms:  ortho,  di  or 
pyro,  and  meta.  They  are  analogous  to  the  acids  of  phosphorus 
in  formula  and  structure.    They  are  lis  follows: 

Orthoarscnous  acid,  HjAsO,;       Orthoarsenic  acid,    HjAsOi,' 
Diarsenous  acid,        H^AsjOji      Diarsenic  acid,         H4A82O7; 
Metarsenous  acid,      HAsO,;        Metarsenic  acid,       HAsO,. 

Arsenites. — ^The  solution  of  As,()j  is  feebly  acid  and  probably 
contains  both  the  ortho  and  meta  arsenous  acids.  Arsenites  are 
insoluble  except  those  of  the  alkali  metals.  They  are  converted 
by  heat  into  arsenates  and  are  reduced  by  carbon  to  arsenic. 
Anunonium  metarsenite,  NH^AsOj,  and  ammonium  diarsenite^ 
(NH4)4As205,  are  obtained  by  dissolvins;  arsenous  oxid  in  ammonia. 

Orthoarsenic  Acid,  HjAsO^,  is  formed  by  dissolving  arsenic  oxid 
in  water,  aqua  regia,  or  chlorin  water;  or  by  oxidizing  arsenous 
oxid  with  nitric  acid.  The  concentrated  solution  is  an  oily  liquid 
of  specific  gravity  2.0.  Wlien  cooled,  it  deposits  rhombic  crystals 
of  conip()siti(^n  'illgAsO^.HzO,  which  at  100°  lose  the  water  of  crys- 
tallization. Tho  solution  has  an  unpleasant,  metallic  taste,  cau- 
t(Tiz(\s  the  skin,  and  is  poisonous,  though  less  so  than  some  other 
arscMiic  compounds. 

Diarsenic  Acid,  IT^AsjC);,  is  obtained  by  heating  the  ortho  acid 
to  1S0°:  2H,As(\  -  lIoO -f  H,As./)7.  It  forms  clear  lustrous 
crystals  which  dissolve  in  watcT,  passing  back  to  the  ortho  acid. 

Metarsenic  Acid,  IIAsOg,  is  obtained  by  heating  the  ortho  or  di 
acid  to  200°.  It  is  a  white  iridescent  solid  which  dissolves  in 
water  to  form  the  ortho  acid.  At  a  red  heat  it  dissociates  into 
arsenic  oxid  and  water. 

Arsenates. — Three  classes  of  arsenates  are  formed  corresponding 
to  the  thre(^  acids,  and  they  may  be  normal,  acid,  or  double  salts. 
They  are  isomorj)h()us  with  the  phosphates.  Hydrogen  sulfid  re- 
duces arscMiic  acid  and  arsenates,  precijntating  from  their  solutions 
yellow  arsenous  sulfid.  AsoSg.  The  arsenates  of  the  alkali  and  alkali- 
earth  mentals  are  soluble  in  water  and  the  other  neutral  and  basic 
arsenates  are  soluble  in  acids.   Arsenates  are  generally  obtained  by 
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abiding  hytlmgeii  disodium  arsenate,  HXajAsO^,  in  molecular  pro 
[jurtionH  to  solutions  of  saltis  of  various  metals.  Thp  di  and  meta 
arsenates  when  dissolved  in  water  pass  back  into  the  ortho  com- 
pciunda. 

Amtooniimi  Arsenates. — The  compoumU,  H,(NH,)AsO|,  H(NlIj)^\sO^, 
jirul  tXHji-UO|,  ore  formed  by  the  action  of  ammonia  ujwn  ortbo- 
ATSseuic  acid, 

ChroTiLales  and  Molyb dates  of  arsenic  are  obtained  by  the  action  of 
chromic  and  molybdic  oxida  ni>on  arsenic  acid* 


COJklPOUXDS  OP   ARSENIC   WITH   SCTLFTTH. 


E  Arsenic  unites  directly  to  sulfur  in  three  proportions: 
A rsenic  iLb=^alfif I  (Realgar) ,         As^^^    8  =  As—As  =  S ; 
Arsenous  su Ifid  ( (.)rpiioen t) ,      As^S^    S  ^  As — 8— .\8 = S ; 
Ai^uic  sulfid,  Asj8fe    S  =  As — S — As^  S. 

It  •  II 
s  s 
Arsenic  Disulfid,  AsjSj,  oecurs  native  as  realgar  in  niby-red 
onncibiic  prisms.  It  may  be  prepared  by  melting  milfur  with 
arsenic  or  arsenous  oxid:  2Asi03  -f  7S  =  2.\]SjSj  +  SSOj,  It  is  com- 
merxnally  prepared  by  heating  together  iron  pyrites  and  arsenical 
pyrites:  2Fe.^S  +  2FeS5  =FeS  +  As^S^. 

It  is  a  red  vitreous  translucent  solic!  of  specific  gravity  3.5.  It 
melts  easily  and  sublimes  unchanged,  ami  burns  in  the  air  to 
am*nou8  and  sulfurous  oxids.  It  is  used  in  p>Totechny;  The 
Indian  or  Bengal  fire  is  made  with  a  mbcture  of  1  part  arsenic  disulfid 
with  12  parts  of  nitre  and  a  little  sulfur.  It  gives  an  intensely  white 
light.  Arsenic  dknlfid  has  been  used  also  as  a  pigment  and  in  tan- 
niiig,  iK'ing  mixed  with  lime  to  remove  the  hair  from  the  skins. 

Arseniius  StilJfid,  AsjSj,  occurs  native  as  orpimerd  in  translucent 
yellow  rhnmbte  prisms  of  specific  gravity  ;i46.  It  may  be  pre- 
pared by  the  action  of  hydrogen  siilfid  upon  acid  solutions  of 
«r»enie«  or  by  fusing  arseno\is  oxid  with  sulfur.  It  is  a  lemon- 
yeltow  solid  which  melts  easily  and  sublimes  at  7(M)°,  It  is  in- 
soluble in  wat^r,  but  dissolves  in  alkalis  and  alkali  carbonates, 
from  which  solution.^  it  is  precipitated  by  acids.  It  bums  readily 
to  araenotis  and  sulfurous  oxiils* 
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Arseaic  Sulfide  .^S^,  may  be  obtained  by  fusing  aiBcnoy^ 
siilfid  with  a  proper  amfjunt  of  sulfur,  or  by  adding  an  acid  to  a 
solution  of  sodiiun  thioarsenate : 

2Na^4sS,  +  6HC1  -  6KaCl  +  ZR^S+  ASjS^. 

It  is  a  yellow,  easily  fusible  solid* 

THIO  ACIDS  AND  THIO   SAI/TS  OF  ABSENTC. 

\^Tien  the  sulfids  of  arsenic  are  acted  upon  by  alkali  sulfitis, 
thio  salts  are  obtained  which  are  exactly  analogous  to  the  mm- 
sponding  oxygen  eonipounds: 

CljOs  +  3K3O  =  2K,C10s;    As,S,  +  3X^8  -  21^48^^. 

There  are  thioai'senitef^  and  thioarsenates  of  ammonium, 
chromium,  molybdenum,  anil  uranium. 

No  compound  of  arsenic  with  nitrogen  is  known^  but  arstrma^ 
phosphid,  AsPt  is  precipitated  as  a  bnjwn  powder  when  hytkogcn 
tsulfid  is  passed  into  phosphonis  trichlorid. 

ANTIMOKY. 

SjTnbol  Sb.  Atomic  weight  120.  Density  !20,  Motecnlar  iveight 
240.    Specific  gravity  (hJ.     ^'alence  111.  and  ^^     Melting-fioint  42o^ 

Occurrence, — Antimony  oceurB  free  in  small  quantities  in 
various  parts  of  the  world,  especially  in  Borneo,  lis  principal 
ore  is  gtihnite  or  gray  antimon}/,  Sb^Sj,  Other  nati%^e  comp<jiuidis 
are  antimony  hloom  or  ivhile  untimomj,  ^h/\:  antinwmf  ocJur,  SbjO,: 
antimmtif  blend  or  red  aniimoni/,  ShX^jiHl^'t^'i;  and  numerous  double 
sulfids  \\ith  copper,  iron,  lead,  silver,  nickel,  etc. 

History,^.4ntimony  sulfid  or  stibnlte  has  been  known  from  the 
earliest  times.  It  vcm  called  kohl  by  the  Hebrews  and  Arabians, 
si immi  by  Dioscorides,  siihimn  by  Pliny,  and  aniimonium  by  Geber 
and  Valentine*  It  was  used  as  a  pigment,  notably  for  painting  the 
eyebrows.  The  method  of  preparing  the  element  was  first  de- 
scribed by  Valentine, 

Preparation — Antimony  Is  obtained  from  the  sulfid  in  two 
ways: 

1 .  By  first  roasting  it  in  the  air  to  produce  the  oxid  and  tlien  r>i?duc* 
inp:  the  ox  id  with  carbon  r 

Sb^S,  +  90  =  Sb,0,  +  3S0,,    ShjO,  +  SC  -  3CO  +  Sb*. 

2.  By  heating  it  with  iron:  Sh^^  +  3Fe  -  3FeS  +  2Sb. 
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The  crude  aatimony  thus  obtained  is  refined  by  fusion  with 
ptre>  whereby  the  arseiiie,  sulfur,  and  lead  are  removed. 

Physical  Properties.— 'Antlrnnny  is  a  silver- whltt  brittle  solid 
with  liighly  metallic  luf^trc  and  specific  gra^nty  6,7  to  6,8,  It 
crystalliztiB  in  rhombohedrons  which  melt  at  63(P  and  distil  at  a 
white  heat,  Ai^  it  crystallizes  it  expands  ao  that  it  and  its  alloys 
ike  sharp  castings. 

Chemical  Properties* — ^Antimony  is  not  altered  in  the  air,  but 
irhen  heated  it  takes  fire  and  bums  to  antimonous  oxW.S^Oj,,  It 
aites  directly  to  the  halogens,  inflaming  spontaneously  in  chlorin 
nd  bromin.  It  is  iimoluble  in  w^ater  and  dilute  acids,  but  is  at^ 
ickcd  by  strong  acids,  hydrochloric  and  sulfuric  acids  giving  the 
Jorid  and  sulfate,  and  it  is  oxidized  by  nitric  acid.  All  its  soluble 
Ita  are  poisonous,  but  less  so  than  those  of  arsenic. 

Antimony t  like  arsenic,  is  both  a  metal  and  a  non-metal,  but 

metallic  character  is  more  marked.  We  have  ajitimony  salts 
ad  antimony  acids  with  antimonites  and  antimonates,     Ab  usual 

b  more  basjc  with  the  lower  valence  and  more  acidic  with  the 
igher  valence. 

Amorphous  or  Explosive  Antimony,   similar   to   amorphous 

fiiic.  b  Sitid  to  be  olitaincd  by  electrolysis  of  a  ,solution  of  tartar 
aetic  in  anthnony  chlorid.     It  is  a  lustrcais  amorphous  solid  ot 

cific  gravity  5  J8.  It  contains  from  4  to  20  per  cent  of  antimony 
ilorid  and  some  onehided  hyrirogen,  A  slight  blc»w  or  a  scratch 
ith  a  net-die  causes  it  to  change  to  the  common  form  with 
Science,  and  it  explotles  when  heat^ed  to  200°, 

lustrations,— To  8how  the  camhustion  of   antimony,  direct  a  blow; 

i  fiani**  y[>cm  a  frajrmcnt  on  charcoal,    Tho  antimony  melts  and  bums, 

oxid  hnin^  depoaitpd  on  tlie  coaU     If  the  melted  globule  be  thrown 

n  shet^t  of  paptT  it  breaks  in  many  pieccB,  which  run  about  over 

ttper,  leavinir  fftnciful  streaks  of  the  ox  id. 

Tests. — ^Antimony  is  detected  as  in  Marsh's  test  for  arsenic. 

be  antimony  spot  is  insoluble  in  sodium  h5rpochlorite. 

Alloys  of  Antimonyt^.^ntimony  forms  numerous  alloys,  some 
f  which  arc  of  commercial  importance.    Type  metal  contains  about 
fier  cent,  stereotype  metal  15  per  cent,  and  Babbitt  metal  13 
er  cent  of  antimohy. 

Uses  of  Antimony* — Antimony  is  used  in  the  manufacture  of 
sirtar  emetic  and  other  medicinal  preparations  and  in  alloys  as 
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above.  Antimony  black,  obtained  by  the  action  of  zinc  upon  anti- 
monous  chlorid,  is  used  upon  plaster  casts  to  give  them  a  metallic 
appearance. 

ANTIMONY   COMPOUNDS. 

The  compounds  of  antimony  resemble  those  of  arsenic,  but  arc 
not  quite  so  numerous.  Its  quality  is  mainl^''  acidic,  though  it 
fonns  a  fe\v  compounds  and  many  alloys  with  the  metals.  It 
fonns  positive  ions,  antimonous  Sb"  and  antimonyl  SbO",  and 
negative  complex  ions  like  those  of  arsenic.  Some  heats  of  forma- 
tion are  as  follows: 

(SbA)  =  91,400  cal.  (Sb.CLj)  =  104,900  cal. 

(Sbj,03)  =  166,000  cal.  (Sb^.Os)  =  222,800  cal. 

HYDROGEN   ANTIMONID   (STIBIN). 

Formula  H^Sb.     Molecular  weight  123. 

Preparation. — Only  one  compound  of  antimony  with  hydrogen, 
HjiSb,  is  certainly  known  and  it  has  not  been  obtained  free  from 
admixed  hydr()g(?n.     It  may  be  prepared — 

1.  By  the  action  of  nascent  hydrogen,  as  when  a  solution  of  antimony 
chlorid  is  added  to  a  mixture  which  is  evolving  hydrogen. 

2.  By  the  action  of  dilute  sulfuric  acid  upon  zinc  antimonid: 

ZnjSb,  4-  3H,S0,  =  3ZnSO,4-  2H,Sb. 

3.  By  the  action  of  water  u|X)n  alkali  antimonids: 

2K3Sb  +  3II2O  =  3K,()  4-  2H,Sb. 
As  prepared  by  any  of  these  methods  the  gas  is  mixed  with  a  large 
proportion  of  hydrogen. 

Physical  Properties.— Stibin  is  exactly  analogous  to  arsin  and 
closely  reseniblrs  it  in  properties.  It  is  a  colorless  poisonous  gas 
with  disairreoable  odor  and  taste.  It  dissolves  in  one  fourth  its 
volume  of  water  and  gradually  decomposes  in  the  solution.  At 
low  temperatures  it  becomes  a  liquid  which  boils  at  —  18®  and  solidi- 
fies at  -  102°. 

Chemical  Properties. — Hydrogen  antimonid  is  unstable,  de- 
composing slowly  in  the  cold  and  rapidly  when  heated^  It  bums 
in  the  air  with  a  irray  flame  to  wat<?r  and  antiitionous  oxid.  If  a 
cold  plate  be  hehl  in  the  flame  a  spot  of  antimony  is  formed  which 
may  be  distinguished  from  the  arsenic  spot  by  its  lack  of  luster  and 
its  insolubility  in  sodium  hypochlorite.     It  is  decomposed  by 
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alkalies,  and  the  halogens,  and  by  sulfur  and  hydrogen  sulfid  m 
sunlight.  From  silver  nitrate  it  precipitates  silver  antimonid, 
AggSb,  differing  from  arsenic,  which  separates  metallic  silver. 

niustratioiis. — ^The  fwmation  and  properties  of  hydrogen  antimonid 
may  be  shown  with  the  Marsh  arsenic  apparatus.  When  the  hydrogen 
is  coming  off  freely  add  a  hydrochloric-acid  solution  of  antimouous  oxid. 
Light  the  jet  of  escaping  gases,  note  the  color  of  the  flame,  make  spot 
on  cold  plate  and  compare  with  the  arsenic  spot,  heat  the  tube  and  note 
that  the  antimony  is  deposited  on  both  sides  of  the  heated  point. 

Antimonids. — ^Antimony  does  not  form  very  definite  compoimds 
with  the  metals.  It  rather  makes  alloys,  generally  mixing  in  all 
proportions.  •  ' 

Stibonium  Compounds. — Hydrogen  antimonid  is  scarcely  alka- 
line. Its  solution  in  water  may  contain  stibonium  hydroxide  SbH^OH, 
but  this  compound  has  not  been  isolated,  nor  are  any  compounds 
known  corresponding  to  the  ammonia  and  ammonium  derivatives 
in  which  hydrogen  remains  united  to  antimony.  There  are,  how- 
ever, many  stibin  and  stibonium  derivatives  in  which  all  the  hydro- 
gen atoms  have  been  replaced  by  organic  radicals,  negative  elements, 
and  acid  radicals.  Examples  are,  trimethyl  stibin,  (CH3)3Sb'", 
and  tetramethyl  stibonium  chlorid,  (CH3)<Sb^Cl. 

COMPOUNDS  OF  ANTIMONY  WITH  THE   HALOGENS. 

The  halids  of  antimony  are  formed  in  general  by  the  action  of 
the  halogens  or  haloid  acids  upon  antimony  or  soluble  antimony* 
compounds.    Both  the  tri  and  penta  halids  are  formed  as  follows: 

Antimonous  halids,        SbF,    SbCl,    SbBr3    Rbl,. 

Antimonic  halids,  SbF^    SbClg  Sblj,. 

Antimonpu9  Fluorid,  SbF„  is  a  white  deliquescent  solid  which  crystal? 
lizes  in  rhombic  pyramids.  It  dissolves  in  water  to  antimonous  oxy- 
fluorid,  SbOF. 

Antimonic  Fluorid,  SbFj,  is  a  gum-like  solid  which  forms  double  com- 
pounds with  alkali  fiuorids  such  as  SbFj^KF  and  SbOF3,NaF. 

Antimonous  Chlorid,  SbCl,,  is  a  soft,  colorless,  deliquescent, 
crystalline  solid,  known  as  butter  of  antimony.  It  melts  at  73®  to  an 
oily  liquid  and  boils  at  223°,  5aelding  a  vapor  of  density  112.8,  indi- 
cating the  formula  SbCl,.  It  dissolves  in  a  very  small  quantity 
of  water  to  a  clear  liquid  of  specific  gravity  1.35,  known  as  liquid 
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butter  of  antimcny.  With  more  water  it  is  decomposed,  yielding  a 
number  of  oxyehlorids,  the  simplest  of  which  is  i^bOCl.  This  nux- 
tiiro  of  oxyehlorids  is  known  as  powder  oj  Algaroth,  because  it  was 
much  used  in  the  sixteenth  centu!y  by  the  Veronese  physician 
Algarotucs. 

Antimonic  Chlorid,  SbClj,  is  a  colorless  fuming  bad-smelling 
liquid  which  solidities  when  coole<l  and  melts  at  —  6**.  It  disso- 
ciates when  heated,  but  distils  in  vacuo  at  79®  unchanged.  With 
little  water  it  dissolves  to  a  clear  liquid  which,  evaporated  over  sul- 
furic aciil,  yields  crystals  of  SbCl5,4H20.  With  more  water  several 
oxyehlorids  are  fonned. 

Antiinonous  Bromid,  SbBr,,  cn'stallizes  in  needles  or  octahednms, 
molts  at  94°  and  boils  at  270°.  Dissolved  in  water,  it  forms  several 
oxybromids,  of  which  the  simplest  is  SbOBr. 

Antiinonous  lodid,  8bl,.  ruby-red  crystals  fonned  by  the  direct  union 
of  the  olonicnts.     Its  solution  in  water  contains  antimony  oxyiodid^  SbOL 

Antimonic  lodid,  Sblj,  is  a  brown  solid  which  melts  at  78**. 

OXIDS   OF  ANTIMONY. 

There  are  three  oxiils  of  antimony  with  formulas  as  follows: 
Antiinonous  oxid.      SbnO,    0  =  Sb — O— Sb  =  0; 
Antimony  totrnxid.   Sl),(\     0=-Sb— 8b  =  0  or  0  =  Sb— O— Sb^^; 

Antimonic  nxirl,         Sbjl       ^  Sb — O— Sb^  - . 

Antimonous  Oxid,  S]U\  or  Sb/),,,  occurs  native  in  rhombic 
crv-t;tN  a-  the  njincral  vaUntinitc.  It  may  be  prepared  by  burning 
annmony  in  air  or  oxviren,  or  by  oxidizing  antimony  with  nitric 
aciil 

Antimnnous  oxid  is  a  white  cr>'stalline  powder  which  melts  at 
a  n-fi  h<at  and  sublimes,  condensing  in  rhombic  prisms  near  the 
hoat(Ml  portion  of  the  tube  and  in  regular  octahedrons  further  on. 
It  is  isomorphous  with  arsenous  oxid  and  hence  chemists  are  dis- 
posed to  LMvc  it  the  fonnula  Sb^O^.  It  is  very  slightly  soluble  in 
water  to  a  neutral  solutirni.  It  is?  insohible  in  nitric  and  sulfuric 
acids,  but  dissolves  in  hydrochloric  acid,  forming  the  trichlorid. 

Antimony  Salts. — Antimonous  oxid  is  rather  basic  than  acidic. 
It  forms  two  series  of  salts,  those  of  trivalent  antimony,  as  an/i- 
vionous  nilrali,  Sb(X03)3,  and  those  of  the  radical  (SbO)',  left  after 
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t-aking  the  hydroxy  I  from  tnetantimonous  acid,  as  antirtwn^l  nitmU^ 

Antimony  Tetroxid,  BbjO^,  may  bo  regardc^l  as  a  radical  (SbOa)/, 
or  as  a  nibceti  oxid  of  trivalciit  and  pciitavalent  antimuiiy,  an  an- 

timonyl  antimonate,  CSb"'0)'SbvOs,    or    0=Sb— O— Sb('^.     It 

may  be  obtained  by  biimiiig  the  trioxid  or  igniting  the  pent^xitL 
It  is  a  wliite  uon-volatilc  powder,  insoluble  in  water*  Boiled  w-itli 
hydrogen  potassium  tartrate  it  gives  tartar  emetic,  K(SbO)(C|H^09), 
and  metantimotiif  acid,  HSbO^. 

Hfpo«ntimonftte5> — There  are  a  few  salti*  eddied  hi^poaTilinmrmies 
which  iiiJiy  be  sup(K)!iDd  to  be  derivptl  from  the  hypothetical  hydrate  of 
antimony  tetro?dd,  Wb,0|,H,0  ^  H,SbjOj* 

Antjmonic  Oxid,  SbjOji,  b  obtained  by  heating  antimomc  aeid  to 
275***  It  is  a  yellow  amorphons  powder,  of  «|>ei^if]C  gravity  5.6, 
insoluble  in  wafer,  s^-ihible  in  hydrochloric  acid.  At  300^  it  gives 
up  oxy^gen  and  becomes  Sb^Oi,  It  is  feebly  acidic,  and  never  basic. 
Ko  antiinonic  salts  are  known. 

ACins  OF  ANTIMONY. 

Antimonous  Acid,  H^SbOi,  has  not  been  Isolated,  though  it  may 
ly  exist  in  the  a^iueous  .^dutiou  of  antiraonous  oxid.     The 
ifmyjKfiiB  acidj  HSbOj,  is  obtained  by  the  action  of  sodliun 
carbonate  upon  antimonous  chlorid; 

3Xa,C0,  +  2SbCl,  +  Hp  =  eNaCl  +  3C0a  +  2HSbOj. 

When  this  is  dissolved  in  sodium  hydroxide  sodium  antimonite, 
NtuSbO^,  is  produced.  But  few,  if  any,  other  antiinonit*»s  have 
been  pr<^parcd* 

Antimonic  Acids.— There  are  three  antimonic  acids  similar  in 
formula  and  structure  to  the  acids  of  phosphorus  and  arsenic* 
They  ari^  nuBtable  and  fonn  unstable  saltii  and  are  not  formed  by 
tlic  union  of  water  and  antimonic  oxid. 

Orthoantimonic  Acid,  J:l,S}iO^,  is  formed  by  the  action  of  watc^r 
upon  antimonic  chlorid,  or  by  allowing  metantimonic  acid  to  re- 
main for  ft  long  time  in  contaf^t  \^ith  water, 

Bi  or  Pyro  Antimonic  Acid,  H^Sb/),,  |g  ft^rmed  by  the  action 
of  hot  water  upon  antimonic  chlorid,  or  by  the  action  of  hydro- 
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chloric  acid  upon  diantimonates.    It  is  a  white  powder  insoluble  in 
water. 

Metantimonic  Acid,  HSbOj,  is  obtamed  by  heating  the  ortho  or 
di  acid,  or  by  the  action  of  nitric  acid  upon  antimony  or  antimo- 
nic  oxid  or  antimonates.  It  is  a  white  powder,  slightly  solu- 
ble in  water  and  acids.  It  is  a  weak  monobasic  acid  yielding  mostly 
insoluble  salts. 

Antimonates. — Antimonates  arc  usually  derived  from  the  meta  ackL 
Then*  are  a  few  diantimonates,  but  no  orthoantimonates. 

ANTIMONY   WITH   SULFUR,   SELENIUM,   AND  TELLURIUM. 

Antimonous  Sulfid,  SbjSj,  occurs  in  nature  as  the  mineral  sttbmUf 
n  diirk-gray  crystalline  solid  of  metallic  luster  and  specific  gravity 
4.7.  It  is  formed  when  antimony  and  sulfur  are  heated  together, 
or  when  hydrogen  sulfid  is  passed  through  solutions  of  the  chlorid 
or  tartrate.  When  prccipitateil,  it  is  a  red  amorphous  powder 
which  b(HM)nios  crystalline  when  melted  and  cooled.  It  oxidizes 
when  heated  in  the  air  and  dissolves  in  hydrochloric  acid  to  form 
ShCl,.    U(h1  rubber  is  colored  with  antimony  sulfid. 

Antimony  Sulfoxid,  SbSjO,  has  a  red  color  and  is  caUed  an- 
thnou]i  riunahir.  Kvrnus  viineral,  obtained  by  lx)iling  antimony 
MiU'nl  with  sodium  carlxmato.  is  a  mixture  of  Sb^Sj  and  SbjOj. 

Antimonic  Sulfid,  ShoS..  is  an  orange-red  powder  (obtained  by 
tn\Mlini;  x\cv\  sohitioiis  of  antimonic  acid  with  hydrochloric  acid,  or 
bv  tn\'iti!ii»  sodium  thioantunonate  with  HCl.  ^\^len  heated  it 
.sf'paiMtrs  into  Slv.S.,  and  S. 

Thio  Acids  and  Salts. — Both  of  'the  sulfids  of  antimony  give  rise  to 
Ihio  s;ihs  whicli  inny  ho  ortho,  di,  or  meta.  An  example  is  Schlippe's 
.v///.  .^nt/f'.-m  (hffintinn)tint(',  NnjSbS^. 

Antimonous  Selenid,  Sh-Sc,.  is  a  metallic-looking  gray  crj'stalline 
m:iss  oht.iiiuvl  l)v  incltiiijr  tlic  oloments  together. 

Antimonic  Selenid,  Sh.Se.^.  is  precipitated  as  a  brown  powder  from 
sohitioiH  of  M)diuin  sclenaiitiinonate  by  dilute  sulfuric  acid. 

Seleno-antimonates.— TluTe  are  a  few  salts  which  are  deriva- 
tives of  tlic  hypothetical  seleno-antimonic  acid,  HjSbSe^.  An 
rxam|)]e  is  sodium  sclcnantimonate,  Na3SbSe4,  orange-rod,  tranj»- 
})anMit  tetrahedrons  isomor])hous  with  sodiimi  thioantimonate. 

Antimonous  Tellurid,  SI),1V,,  is  a  tin-white  solid  obtained  by  fusing 
tx)«^ftbrr  antimony  and  telhirium. 
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ANTINOMY    \V[TTl    MTRaGEN%    PHHSPHORUS,    AND   ARSEOTC, 

Antinitmy  fomis  no  rompoiind  with  nitn)ir<^n,  trnlv  imo  with 
phosjihnrits  and  two  with  arsenic. 

Antimony  Phosphid,  fc^bP,  is  a  tin-whitjo  solid  obtained  by  adding 
pbo::?phorui^  to  tiiehiM.1  iiritimoiiy. 

AfiiiitiQnoiis  Araenid,  SbjAs^,  ocrurs  native  as  the  mincrul  txlletnontik, 

ERBIUM. 

Bymbol  Er     Atomic  weiglit  166.     Valence  III, 

OccmTence.— *Erl>ium  occurs  akmg  with  a  number  of  other  rare  ele- 
ments in  tlte  mineral  ifudolmile  frfim  Swi'tleii, 

History. — Erbiiim  was  recogtuzed  Hi*  an  element  early  in  the  nine- 
t£«;oth  cutitury,  und  it  wiis  careful ly  istudied  from  1860  to  1878.  Becaui^e 
of  Jlfft  rarity  and  ttie  difiiculty  of  ^eparatihg  it^  rom]x)unds  from  tho!50 
of  ilje  elements  with  which  it  is  iii^>eittted  it«  eheinii^try  is  pot  vtry  well 
made  oyt.     The  name  is  from  Ytterby»  ii  toun  in  y\>'e*bn. 

Pr«|>aratio&. — Erbium  has  not  been  obtametl  free.  lL«i  cnmpomids 
are  mostly  prtjiiarctl  from  the  oxid  \vhi<-h  18  i»btained  from  gadolioite- 

Halids  of  Erbium. — The  llaorid,  chloridj  bromid,  and  iodid  have  been 
describfHK    Tliey  are  deliquescent,  ro«e-eolored  salt^. 

Erbium  Offld»  ErjO,,  i.s  a  white  fjowder  obtained  by  heatinp  tlie  nitrate 
or  oxulate.  It  forms  neutral  aad  btisic  salts,  and  giveg  a  eontinuous 
spectruni  with  bright  bandfi. 

Erbium  Sails.— Erbium  salts  are  obtained  by  disfiohnng  the  oxid  in 
aeid«<.  They  are  rose-colored  and  have  a  sweetish  tJist^*  The  more 
eommon  one?)  are  the  sulfate,  nitrate,  pbo.^pbate,  bromate,  clilfirate^ 
lodatc,  carb*>nate,  sclenate,  etc* 

BISMUTH, 
^^'m!ml  Bi.     Atomic  weight.  208.5*     Bi>ecific  gravity  9.823.     Valence 
m  aiifi  \\     Melting-^>int  27(f - 

Occurrence,— Bismuth  usually  occurs  free.  It  is  also  found  ia 
small  qimntities  comVtine<!  or  associated  with  tellurium,  copper, 
lead,  and  silver.  The  principal  nati%'e  compounds  are  himiuth 
odter,  BijOj,,  and  himmtk  glance,  BIjSb,  The  supply  comes  mainly 
fnmi  Saxony,  near  t^chneeberg. 

History .^l^p  to  recent  times  bismuth  w^as  called  marcasUe, 
It  WAS  first  described  by  Basil  Valentine;  it  is  m^ntionefl  by  Para^ 

urn  and  Agrienla:  was  first  accurately  studied  by  Bergmann. 
English  name  is  from  the  Geniiao  Wistmdk. 
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Preparation.— Bbmuth  is  usually  obtained  from  the  native 
Mi.;;ai  '^r  the  orw  with  which  it  i<  a^s-^ciated.  The  ores  are  heated 
in  inclineii  in.m  pipesi:  the  bismuth  melts  and  runs  away.  The 
m»^tal  thus  obtained  may  onitain  small  quant ites  of  iron,  coppff, 
l**a«i.  silver.  antimt»ny.  tin.  arsenic,  and  sulfur.  It  is  purified  by 
iliss«jivin£:  in  nitric  aci*l  an  I  precipitating  it  as  basic  nitrate  by 
-lilution  with  water:  BiXM,',  *  2H2O  =  2HNO,  -r  (BiO)NO,.H,a 
The  <lri*^l  basic  nitrate  is  n^iuced  by  heating  wixh  carbon. 

Physical  Properties.— Bismuth  is  a  brittle  pinkish-white  solid 
'.vith  mi-tallic  hister  and  >ivi-iSc  gravity  9.S23  at  12°.  It  melts  at 
270-  and  volatilizes  in  iIk^  electric  are.  Lhi  cooling  from  fusion  it 
e.xparids  and  cr>stalli>:c.s  in  obtuse  rhombohedrons  which  look  like 
cuJj^-s  a.-  the  angles  are  nearly  *M)=.     Its  s|>ecitic  heat  is  0.02S8. 

Chemical  Properties.— Bismuth  tarnishes  in  moist  air,  becoming 
iri'i»scent.  and  when  ht-attil  bums  to  Bi2(>3.  It  is  insoluble  in  water 
ami  C'.M  hytlruchloric  and  sulfuric  acids.  It  ilissolves  in  nitric  acid 
ami  hot  sulfuric  acid,  furminsrwith  the  first  bismuth  nitrate,  Bi(^0,)„ 
and  with  the  s«*cr)iul  the  l^asic  sulfate.  ( Bi(!»y*^ >4.  Water  decomposes 
bismuth  solutii>n>.  precipitating  insoluble  basic  salts. 

Tests. — F^isiiuith  is  reco£:nizet.l  by  its  color,  appearance,  and 
crystalliiu^  i*i»rin.  Salts  nf  bismuth  give  white  basic  precipitates 
w!i«ii  <iilut«Ml  with  waitT.  and  give  black  precipitates  with  hydrogen 
s-iiii  1. 

Uses  — Bismuth  is  ust-tl  in  the  preparation  of  various  medicines 
aii'l  (■'»>in«.*ti'-s  ami  in  numen)us  allt\vs. 

Alloys  of  Bismuth. — Jiisnuith  fi^nns  with  a  number  of  metals 
all-'V-  \\\\h'\\  molt  at  low  temperatures  and  are  calleii  fusible  mrtals. 
By  usiiiL'  pn»])rr  pr^i^ortinns  an  alloy  ran  be  had  which  will  fuse  at 
a  L^iv«-n  trill] M-rature.  Wood's  fusible  metal  has  4  parts  bismuth, 
2  parts  lead.  1  part  tin.  and  1  part  radmium.  and  melts  at  61°. 
Hosf^'s  fusible  nirtal.  which  melts  at-  94°.  has  2  parts  bismuth,  1  part 
lead,  and.  1  part  tin. 

Fusible  metal  is  used  for  stereotypinir,  for  copying  wood-cuta» 
for  solder,  for  safety  j)luirs  for  Ix^ilers.  and  for  tempering  steel. 

BISMrTH    COMPOUNDS. 

Piismuth  is  scarcely  ne^rative  and  its  one  or  two  acids  are  un- 
stable.    As  a  positive  it  is  not  active  and  its  compounds  are  not 
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imerous.    It  unites  with  the  negative  elements,  but  only  alloy's 
ith  the  metal%.    The.  colorless  trivalent  m\  Bi***  i^  weakly  basic. 
Other  ions  nre  scarcely  knoi^n,  thiingh  there  are  ba^ic  compounds 
>ntaimBg  the  radicab  (BiO)'  and  CBiHOy^ 

BAUDS   OK   niSMTJTH. 

No  pentahalid  of  bismuth  m  known.  The  trihalids  are  formed 
by  tlirect  union  or  by  cUsaolvlng  bismuthous  oxid  ui  the  strong 
haloid  aeiils.    They  art*  as  follows : 

Bismuth  (iuorid,  BiFj^,  ^ny,  limvy  cryst^illine  solid. 

Biji^muth  clikvriil,  Bitlj,  white  deliquescent  crystals. 

Biamutli  lirotniil^  BUir,,  golden-yellow  flt'liquescent  crystals. 

Bismuth  it)dtd,  Bil^,  dark-gray  iustrous  crystals. 

With  water  them?  compound!*  form  haaic  hydroxyhalids  or  oxyhalids: 

BiC\  +  2H,0  =  2HCI  +  Br(OH)X:i. 
Bid,  -¥    Up  =  2HCI  +  BiOCl 

The  haltds  of  bisiuuth  form  double  salts  with  other  halida. 

OXIDS   OF   BISMUTH. 


Bismuth  forms  oxids  corresponding  to  those  of  nitrogen,  except 
thiit  it  does  not  act  with  valence  L  These  oxids  are  all  basic, 
only  the  pento^id  po^essing  any  acid  properties  at  all.  The  tri- 
oxid  is  the  most  stable,. and  all  the  others  when  heated  in  the  air 
are  converted  into  it.    The  names  and  formulas  are: 

Bismuth  dioxid,  BivOj.    Bismuthous  oxid  (Bismuth  trioxid),  Bi^Oj. 
Bismuth  tetroxid,  BijOt.     Bismuthic  oxid  (Bismuth  pentoxid),  BijO,, 

Bismuth  Bioiid,  Bi^O,.  is  a  black  crt'stalline  powder  obtained 
by  hunting  insniuth  in  the  air  almost  to  fusion.  It  burns  readily 
to  the  trioxid. 

Bismuth  Trioxid,  BijO,,  is  formed  by  burning  bismuth  in  air  or 
ox>*gen»  or  by  heating  the  hydroxids,  the  carbonate,  or  the  baKic 
nitrate.  1 1  is  a  jtIIow  powder  of  speci  fie  jaravity  S.2,  It  is  insoluble 
in  water,  but  diasolves  In  acids  to  form  salts  which  upon  addition 
of  water  are  precipitated  tis  Ijasic  salts. 

Blsrautli  Tetrorld,  Bi^O<  or(BiO)BiOjtis  a  dark-brown  powder 
formed  by  heating  the  trioxid  with  potassium  Jiypochlorite  and  dry* 
kg  at  180^ 


A^ 


^m^ 


382  lyORGAyiC  CHEMISTRY.  [Ch.  XXVL 

Bismuth  Pentoxid,  61205,  is  obtained  by  heating  bismuthic  acid, 
or  by  passing  chlorin  through  a  hot  potash  solution  containing  sus- 
pendeil  bismuth.  It  is  an  unstable  red  powder,  easily  converted 
into  the  lower  oxids  by  heat.  When  acted  on  by  acids  it  forms 
salts  of  trivalent  bismuth. 

HYDIt\TES  OF  BISMUTH. 

Bismuth  dioxid  forms  no  hydrate. 

Bismuth  trioxid  does  not  unite  directly  to  water,  but  three 
hydrates  may  be  prepared  with  formulas  as  follows: 

BiA^SHjO  =  2Hi(C)H)3,  Bi203,2H,0  =  Bi,0(OH)„ 

BioOj.HjO  =  2BiO(OH). 

These  hydrates  have  no  acid  properties,  but  are  decidedly  basic, 
acting  with  acids  to  form  bismuthous  and  bismuthyl  salts.  The 
first,  or  orthubismuthous  hydroxid,  is  formed  by  the  action  of 
strong  ammonia  upon  a  bismuth  salt: 

2Bi(N()3)3  +  6XH,0H  =  eNH.NO,  +  2Bi(0H),.  . 

By  heatin<i:  the  orthohydroxid  the  other  two  are  formed. 

Bismuth  totroxid  unites  to  the  moisture  of  the  air  to  form  the 
two  hychiitos.  Hi,,04.Il2()  and  Hi2e\,2H20.  These  act  with  acids 
in  the  .sanic  inaiiiKT  as  the  trioxid. 

Bistnuth  })outoxi(l  unites  to  water  to  form  the  hydrate  Bi2O5,H20 
=  21 1  Hi(  )3.  This  must  bo  regarded  as  hisrUuthic  acid.  It  is  unstable, 
how(»vcr,  and  almost  if  not  (luitc  devoid  of  acid  characters.  It 
yields  no  salts.  an«l  when  acted  upon  by  acids  gives  salts  of  trivalent 
bismuth.  The  di  and  tri  hydratod  compounds  have  not  been 
isolated,  but  the  dibismuthic  acid,  H^BioO-,  has  been  prepared. 

SALTS    OF    BISMITH. 

In  formini:  salts,  l^ismuth  is  always  trivalent.  Besides  the 
neutral  compounds  tluTo  are  various  basic  salts  in  which  a  portion 
of  th(»  oxy<ivn  or  hydroxy!  remains  attached  to  the  bismuth  atom. 

Bismuth  Sulfate,  l^i;(SO,\,,  is  a  white  amorphous  solid  obtained  by 
di.ssolvinjr  hi'^mntli  or  its  trioxid  in  sulfuric  acid.  With  water  it  forms 
the  basic  salt,  Bi(OII),S(.\,  which  when  heated  becomes  bismuthyl  isuL 
fair,  (I^iO),S().. 

Bismuth  Nitrate,  Bi(X03)3,3H20,  is  obtained  in  triclinic  prisms  by 
dissolvinc;  bismuth  in  nitric  acid. 
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Basic  Bismuth  Nitrate,  Bi(0H)jN08  or  BiONO,,  commonly 
known  as  bismuth  sub-nitrate,  is  precipitated  when  solutions  of  bis- 
*muth  nitrate  are  diluted  with  A^ter.  It  is  a  soft  white  powder 
which  is  finely  crystalline.  It  is  much  used  as  a  cosmetic,  as  a 
soothing  application  to  abraded  skin,  and  as  a  medicine,  especially 
in  cholera  and  diarrhea.  It  is  also  used  in  the  manufacture  of  glass 
and  porcelain. 

Bismuth  Orthophosphate,  BiPO^,  and  Bismuth  Pyrophosphate, 
Bi4(P307)3,  are  formed  when  bismuth  nitrate  is  acted  upon  by  the 
corresponding  acid  of  phosphorus. 

Other  bismuth  salts  are  the  the  arsenates,  cliromates,  carbonates,  sili- 
cates, bromates,  chlorates,  vanadates,  molybdates,  etc. 

BISinjTH   -WITH   SULFUR,    SELENIUM,   AND   TELLURIUM. 

Compoimds  of  bismuth  with  the  sulfoids  are  formed  by  direct 
union  of  the  elements.     A  few  are  given: 

Bisqnuth  disulfid,  Bi^Sj,  gray  needle-shaped  crystals. 

Bismuth  trisulfid,  Bi^S,,  occurs  native  as  the  mineral  bismuthite. 

Bismuth  thiochlorid,  BiSCl,  white  needles  insoluble  in  water  and  HCl. 

Bismuth  selenid,  BijScj,  lustrous,  brilliant  cr>'stals. 

Bismutb  tellurid,  BijTe,,  occurs  native  as  the  mineral  tetradymite. 

BISMUTH    AND    THE   NITROIDS. 

Bismuth  does  not  form  very  definite  compounds  with  the  ele- 
ments of  the  group  to  which  it  belongs.  It  does  not  combine  with 
nitrogen  and  forms  imperfect  alloys  with  arsenic  and  antimony. 
Hydrogen  phosphid  and  hydrogen  arsenid  both  throw  down  black 
precipitates  from  bismuth  solutions  which  are  supposed  to  beftis- 
muth  phosphid,  BiP,  and  bismuth  arsenid,  BiAs. 


CHAPTER  XXVII. 

GROUP  V  A.     THE  VANADOIDS.    VANADIUM  GROUP. 

Vanadium  51.2.  Columbium  94.  Praseodymium  140.5.  Neodymium 
143.6.     Tantalum  183. 

The  members  of  this  group  are  all  rare  elements,  vanadium 
being  most  abundant.  They  bear  close  resemblances  to  one  another 
and  to  the  nitroids,  particularly  to  phosphorus  and  arsenic.  They 
are  more  basic  than  the  nitroids  and  do  not  form  compounds  with 
hydrogen,  but  the  higher  oxids  form  acids.  They  are  allied  to 
chromium,  iron,  and  tungsten  and  are  often  found  associated  with 
them  in  nature.  As  in  the  nitroids,  the  valence  is  not  ve^y  well 
defined. 

VANADIUM. 

Symbol  V.     Atomic  weight  51.2.     Valence  I,  III,  V. 

Occurrence. — Vanadium,  though  a  rare  element,  is  widely  distributed 
in  small  (piaiititios.  It  is  often  a,s!sociated  with  other  metals,  particularly 
in^i,  lead,  nickel,  cobalt,  and  copper.  The  slag  from  the  iron  fur- 
nace soiuctinu's  contains  1  |>er  cent  of  it.  The  spectroscope  shows 
it  to  (^xist  in  the  sun.  The  principal  native  compounds  "are  vanadiniUy 
3Pb3(V(),).,Pbn,;  dechenite,  {Vh7.x\){\0,)^\  pucherite,B\\0^\  and  mot- 
tramiU.  (I>hCu)3(V(),^,L>(PbCu)(0H),. 

History. — In  ISOl  I)(4  Rio  suggested  the  existence  of  a  new  metal 
in  a  lead  on^  from  Mexico.  In  1830  Woehler  showed  that  this  ore  was 
a  lead  vanadate.  Ir*  the  same  year  Sepstrom  found  the  new  metal  in 
iron  ore  from  Taberg,  Swcnlen,  and  called  it  vanadium  from  Vanadis, 
the  Scan«linavian  name  of  the*  goddess  Freia.  The  element  was  carefully 
studied  by  lierzelius  in  1S31,  and  its  projx^rties  were  more  correctly  as- 
certained 1)V  l^oscoe  in  ISOT. 

Preparation. — Vanadium  is  obtained  by  reducing  the  dichlorid  in  a 
curn^nt  of  hy«lrojron.  The  optTation  is  difficult,  since  vanadium  so  readily 
oxidiz(»s,  anii  everv  trace  of  moisture  must  be  removed  from  the  hydrogOL 
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Propef tlt«. — Vatiaduim  is  »  gfay  powiicr  of  metallic  lustiT  and  gpecific 
gravity  5,5,    It  U  inftrilublc  in  wnter  and  culd  acids,  but  make?  a  jn"e**n'mb- 
yellow  sol yt ion  in  hot  sulfuric  arid.     It  unites  directly  to  uitrojfcu  and 
thc^  halogens,  and  forms  an  idloy  with  ptatinuin.     Its  vaN^nce  is  1,  HI, 
^pd  V,  and  nppiirently  II  and  IV.    When  heated  with  a  full  supply  of 
^^Hr  it  burn^  to-  \\0^. 

P 
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V A  N  A  D I U  U    CO  M  VO  U  X  [>S , 


Sj>ace  doet*  not  |>ermit  a  delailed  de^ription  of  the  immerous  and 
ctwn  plicated  eoni|H>unds  of  vanadiiun.  The  sin:  pier  caniiKJiJiui-s!  havt* 
ulas  and  clienncal  characteristics  very  like  the  corresponding  emu* 
Is  of  n i t n igen ,  | >h n j^pho ru.^ ,  an d  a rH<.*Ti ic . 

Hfllids  and  Oxyhalids  of  Vanadium.^Tho  halids  of  vanadium i  are  ob* 
t>aincd  liy  rodocing  the  oxyhalids,  or  by  the  uction  of  the  halogen  upon 
vanadmm  nitrid.  The  oxyhalifh  are  obtained  by  the  action  of  the  halo- 
gens upon  the  oxids4. 

No  fluorid  n*>r  oxyfluoritl  of  vanadium  is  known,  but  there  is  a  series 
of  coniptjunds  t'alle<l  jtnoxytHinadutcn^  ot  which  potumlum  Ihioxyvanadatt 
mmv  example,  3HKiV--^^*f'i: 


H^F=Fs 


^F-F— K 


II— F  =  F^V  <  Q  >  \VF  =  F--K 


h=f=f/ 


\f=f~k 


lo4^ 


Vanadium  dichlorid,  VClj  or  VjCI^^  apple-green,  hexagonal  crystals, 
Vanathirm  trichlorid,  Vll,  or  \"2t'l<j^  i)cach-l>lo.ssoai-eolored  crystals. 
Vanadium  tetrad ilorid,  VO^,  brownish-red  funimg  liquid,  boils   at 


Divanadyl  ehlorid,  ^\OjGj  yellow  cr>^tals. 
Vanadyl  chlorid,  VOCU  H Occident  bro\^n  powder. 
\'anadyl  dichlorid,  VdCI^,  deliquescent  ^reen  crystals. 
V.»uiadyl  trichlorid,  VOCh,  yellow  liquid,  boils  at  127°. 
Vanadium  tiibrfimid,  VBr^,  uns^table  deliquescent  black  fKiwden 
Vanadyl  dibromid,  VOBr^,  brown  deliquescent  |>ov\der. 
Vanadyl  triboinidi  A^OBr,,  red  hygroseoitic  liquid,  boils  at  LKT. 
No  iocbn  compounds  of  vanadium  are  known. 

Oxids  of   Vanadium. ^Vanadium  forms  live  oxidB  corresponding  to 
be  ox  ids  of  nitrogen : 


V.0 


VA 


V.O. 


VA 


VA 


All  tbesK?  oxids  are  basic,  and  the  last  two  are  also  acidic*    They  are 
aed  in  succession  by  the  i^radnal  oxidation  of  vanadium. 
Vajtadiiim  Monoiiil,  V^O,  is  a  brown  powder  formed  by  long  exfxjsure 
\  vanadium  t^  tlie  air. 
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Vanadium  Diozid,  or  Hypovanadous  Ozid,  ^fin  is  obtained  by  reduc- 
ins:  the  higher  oxids  by  ])otassiuiii.  It  is  a  gray  solid  of  specific  gravity 
3.04. 

Vanadium  Triozid,  or  Vanadous  Ozidy  V^O,,  is  a  black  powder  of  specific 
gravity  4.7,  obtaineti  by  heating  the  pentoxid  in  hydrogen.  It  oxidizes 
readily  to  the  tctroxid,  and  gives,  with  chlorin,  V0C1,. 

Vanadium  Tetrozid,  or  Hypovanadic  Ozid,  V2O4,  is  a  blue  lustrous 
crjstalline  powdtT,  obtained  by  oxidizing  the  trioxid  or  reducing  the 
pentoxid. 

Vanadium  Pentoxid,  Vanadic  Ozid,  \Jd%i  ^  prepared  by  oxidizing 
vanadium  or  the  lower  oxids,  or  by  decomposing  vanadyl  trichlorid  with 
water.  It  crystullizes  in  reddish-yellow  rhombic  prisms  of  specific  grav- 
ity 3..I0.     It  i.s  soluble  in  strong  acids  and  almost  insoluUe  in  water. 

Hydroxids  and  Salts  of  Vanadium. — ^The  oxids  of  vanadium  have 
small  affinity  for  water,  so  that  the  hydroxids  are  not  ^-ell  defined.  The 
oxids  dissolve  in  the  acitLs  to  form  salts  which  are  mostly  basic  and  of 
two  seri(*s,  one  containing  tlic  radical  (VO)'"  and  the  other  (VjO,)"^. 
The  first  an*  callnl  vanadyl^  and  the  second  divanadyl  or  hypovanadic 
salts.     The  following  are  examples: 

Vaniidyl  sulfate,  (\'0)j(S(\),.    Divanadyl  hydroxid,  V,0,(OH)„5HjO. 

Acids  of  Vanadium. — The  two  oxids  V2O4  and  V,Og  give  rise  to  acids 
called  hn}hiv<iftadic  and  vanadic  acids. 

Hypovanadic  Acid  and  Hypovanadates. — Vanadium  tetroxid  unites 
witli  water  in  various  proportions.  The  salts  called  hypovanadates  are 
mostly  (lerive<l  from  the  hypifcanadic  acidj  2\'20^,HjO  =  H2V^09.  An 
e\;impl<'  is  ntumnniuin  hupnvnnadnU ,  (NII,)j^\\Oj,  a  bro>\Ti  precipitate 
ohtaiiK'd  hy  .'uldinj:  divanadyl  sulfat<'  to  ammonia. 

Vanadic  Acid  and  Vanadates. — Orthovanadic  acid  hjis  not  been  iso- 
lated. Mrtavaiiadie  aeid,  HVO,,  is  a  brilliant  yellow  powder  called 
vnntidiuui  hntnzr.  It  is  formed  by  the  action  of  hot  sulfuroas  acid  upon 
copper  vanadate. 

Pyro  or  Di  Vanadic  Acid,  H^V^O.,  is  a  brown  powder  obtained  by 
trentinj:  an  arid  vanadate  with  nitric  acid. 

In  addition  U\  the  f>rtho,  meta,  and  di  vanadates,  there  are  many 
])olyvanad.Mt('<.  and  also  uiixed  vanadates  containing  arsenic,  phos- 
phorus, inolylxleinim,  tunjrsten,  silicon,  or  iodin. 

Sulfids  of  Vanadium. — There  are  two  sulfids  of  vanadium,  both  of 
whieli  are  aeidie  and  form  thio  acids  and  thio  salts.  ' 

Vnmulium  ((tmsulfid,  V.S^,  is  a  blaek  solid  formed  by  the  action  of 
hydrojren  siilfid  upon  heated  vanadium  tetroxid.  Hj-pothiovanadates 
are  formed  by  the  aetion  of  alkali  sulfids  upon  hypovanadic  salts. 

Vatindi'um  futtUu^ulful,  ¥,.85,  is  a  black  powder.  Thtovanadatrs  are 
formed  by  the  aetion  of  hydrogen  sulfid  or  alkaline  sulfids  upon  vana- 
dates. 
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Hitridi  of  Vanadium.^ — Two  nitrick  of  vanadium  have  been  prepared  i 
Vmiadium  nittidf  VN,  is  a  gray  motal-like  powder  obtained  by  the 
action  of  ammonia  at  a  white  heat  a|X)n  an  oxid  uf  vanadium. 

VnmuUvm  dinitrid^  VNjj  is  &  black  powder  obtained  by  the  ftcUon  of 
aonia  upon  vanadyl  triehlorid* 

COLUMBIUM* 

Bymbd  Cb,  Atonnie  weight  94.  Valence  III,  V. 
Oecurrence. — Columbimn  and  tantalum  are  generally  associated  to* 
ber  in  certain  rare  minerab,  of  which  the  following  ar^  the  mu^t  im* 
|#«>rtant:  PyruchUwe^  a  coltimbate  of  e-aleium,  cerium,  and  other  bases; 
iarttnliie  and  cvhtmhitc^  tantalo-columbate.H  of  iron  and  other  bases  j 
yUroiantnlUe^  l*riiU!ioniti\  and  cuxinUcj  tantalo-coluinbatesof  yttrium 
id  erbitim;  and  sanumkilc^  a  tantalo^olumbate  of  yttrium,  uTamum^ 
ad  other  liases. 

In  1801  Uatchett  found  in  a  mineral  from  Connecticut  an  element 

rhich  he  railed  columhium.     In   1844   Rose  found  in   a  mmeral  from 

ilafjd  along  with  tuntalum  an  element  which  he  called  nmbium*     The 

two  elements  proved  to  be  the  same.    The  latter  name  Is  generally  used 

in  Euroj>e,  the  former  in  America* 

FrepAimtioiL^ — ^Columbium  ia  prepared  by  heating  columbium  tri* 
clilorid  in  a  i^tream  of  drj*"  hydrogen. 

Proptr  ties,— Columbium  is  a  steel-gray  lu&troua  metal -like  solid  of 
specific  gravity  7M\  It  is  insoluble  in  the  acids  except  sulfuric  acid 
\Vh<^  heated  in  tlie  air  it  bums  to  CbjO|, 

COLUMBIXrM   COMPOnXD®, 

HalidB  and  OiyhaUds  of  Columbjum  are  simiiar  to  those  of  vanadiumi 
lodids  of  coluinbiuni  are  not  kinn^'n. 

OiJds  and  Acids  of  Columbiunu — There  are  three  oxids,  but  only  the 
ligfif'^t.  one  forms  acids. 

Cnlurnbium  dioxid,  CbjOj,  black,  lustrous,  regular  crystals. 

0>hirabium  tetroxid,  CbjO„  black  powder  obtained  by  heating  the 
cntoxid. 

Columbium  pentoxid,  Cb,Ojj  white  amorphous  powder,  specific  grav- 
ity iM. 

MHncolumbic  acid,  HCbOj,  is  a  w^hite  powder  obtained  by  the  de* 
amfMi^ition  of  the  oxyehlorid  or  pentachlorid  in  moist  air.  It  uixites 
-ilh  Yiii>'ing  quantities  of  water  to  form  hydrates. 

Coliimbates.^ — Numerous  columbates  and  poly  col  umbates  have  becxL 
spared,  m  well  as  compounds  called  fluocolumbates,  an  esample  of 

rXH,l3CbFT,2CbOF,,XH,F. 
Coltunbium  DxysuMd,  CbO^j,  is  a  black  powder. 
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Columbium  Nitrid,  CbX,  is  a  black  powder  obtained  by  heating  colum- 
bium  pentoxid  in  ammonia. 

PRASEODYMIUM  AND  NEODYMIUM. 

The  element  which  was  described  by  Mosander,  in  1849,  under  the 
name  didymium  {twin,  referring  to  its  close  relationship  with  lanthanum), 
has  been  separated  by  Welsbach  by  a  long  process  of  fractional  crystal- 
lization of  the  ammonium  didjTnium  nitrate  into  two  elements^  which 
have  been  named  praseodifmium  (praseo,  green)  and  neodymium  (neo, 
new).  The  salts  of  the  former  are  green  and  those  of  the  latter  are 
rose-colored. 

The  atomic  weight  assigned  to  didymium  was  142,  and  it  fitted  well 
into  the  periodic  table,  following  columbium  in  group  V.  The  atomic 
weights  of  the  two  constituents  are  Pe  «=  140  and  Nd  «  143,  They  are 
mostly  trivalent  and  their  place  in  the  periodic  table  is  a  little  uncertain. 
They  are  provisionally  placed  in  groups  V  and  VI,  following  cerium. 

TANTALUM. 

Symbol  Ta.    Atomic  weight  183.    Valence  III,  V. 

Occurrence. — Tantalum  occurs  along  with  columbium  in  the  rare 
minerals  mentioned  in  connection  with  the  history  of  that  elemenc 

History. — In  the  year  1801,  Hatchett,  of  England,  announced  the 
discovery  of  a  new  metal  in  a  columbitx;  from  Massachusetts,  and  called 
it  columbium.  In  lcS02,  Ekeborg,  in  Sweden,  found  a  new  element  in 
some  yttrium  minerals  and  called  it  tantalumy  from  Tantalus,  because  its 
investigation  was  troublesome.  The  two  new  elements  were  probably 
the  same,  thougli  both  tlie  minerals  used  contained  along  with  tantalum 
tlio  clement  now  called  columbium. 

Preparation. — Tantalum  is  s(»parated  from  its  native  compounds  by 
long  and  tedious  ])rocesses.  It  may  be  obtained  by  heating  in  a  crucible 
a  mixture  of  jx^tassiuni  and  potassium  fluotantalate  covered  with  potas- 
sium chlorid. 

Properties. — Tantalum  is  a  black  powder  insoluble  in  the  acids  ex- 
cerpt hydroiluorie.  It  unites  directly  to  clilorin  and  bums  in  the  air  to 
Ta^Oj.     Its  specific  gravity  is  10.78. 

TANTALUM    COMPOUNDS. 

Tantalum  Fluorid,  TaFs,  is  known  only  in  solution.  It  gives  rise  to 
fluotantalates  like  (Mi4)2TaF7. 

Tantalum  Chlorid,  TaCljj,  yellow  crystals  which  melt  at  21 1*'  and  boil 
at  24 2^ 

Tantalum  Tetroxid,  .TajO^,  a  dark-gray  powder,  insoluble  in  acids, 
burns  to  Tix^fi^. 
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Tantalum  Pentoadd,  or  Tantalic  Ozid,  TajO^,  white  amorphous  in- 
fusible powder,  specific  gravity  7.35  to  8.01,  insoluble  in  water  and  acids. 

Tantalic  Acid,  HTaO,,  is  obtained  by  the  action  of  water  upon  tanta- 
lum chlorid  as  a  yellow,  gelatinous  mass. 

Tantalates. — There  are  meta,  di,  and  poly  tantalates  similar  to  the 
vanadates. 

Tantalum  Sulfid,  Ta^^,  a  gray  granular  solid. 

Tantalum  Nitrid,  TaN,  black,  lustrous  solid. 

Tantalum  Pentanitrid,  Ta^^,  yellowish-red  amorphous  solid. 
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p.  \^r.z.^  ■5".:^  "Ji«r  5ir»:ciiv  ic:«iic  carboa  and  aids  with 
.iT- :  .r-iL  -\j  i  TrrL.>le  the  c&rboi^is  are  ixKxe  TnPtjdiM* 
.1  >.  <1  iri-.L  iH' :  ^'X-n.  are  iKcadve  and  fonn  adds, 
•'.:,  -i.*i :  zK-m-irii'jjii.  :ir..  aL.  i  L^ad  form  salts  and  also 
r:'.  >  T.  r.r-r.  ic:ii>c  wi:L  the  hiziier  valences.  Only  car- 
..r.  :  r::.  hyir'-c^r.  ci-'Hipwyvinis.  The  valence  of  the 
,  r  z^r.:.tx:S:irL\.  ::n  ar.i  Lea-i  act  also  as  dyads.  They 
:.r  ar. ;.  7/:*h  tr.e  ex->e-p:i.>G  of  silicon,  monoxids.  They 
:.  1  ::-*-* a  :.y  ;rii*>^.  t!v>^  of  carbon  and  silicon  being 
:if:  o*::  r-  ar-  •■i-:-^  '^■::h  --.r'n^  aeiiJs  and  acidic  with 

A!,    r .  -'^.;::.  a:.  :  •:::  i-  ■  >i  i  are  malleable. 
•  • :  ■■.'■^-  ■-■ ''  :--*i:->:i:.  i  :*.r:i:ila.s  areas  follows: 


'Trrm*=iium. 
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1.57  t.,  3.: 
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CCI4 

■  n,ro,' ' 


2> 
2".5 

1-200" 
0.1t)5 

H4Si04 

H,SiO, 


5  6 

0.057 
GeO.GeO, 
tteCl4« 
H4<»e04 

GeH,0, 


110 

207 

7.8 

11.4 

228* 

835* 

0.054 

0.081 

SnO.SnO, 

PbO.PbO, 

SnCU 

Pbn* 

H4SdO« 

n4Pb04 

lUSnO. 

H,PbO, 

SnH,0, 

PbH,0, 

CARROX. 

Symbol  (\     Atomio  woicht  12.     Valence  (IT),  TV. 
Allotropic  Forms  of  Carbon.— Carbon  oxists  in  three  weD-marked 
'll'-tn^pi^'  lonns-  (\)  Diarnrmd,  (2)  Graphite,  and  (3)  Amorphous 
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Citrbim*    Tln?se  forms  dMfer  so  miioli  in  physical  properties  that  it 
is  expedient  to  consider  them  separately. 

DIAMOND. 

Occurrence* — Dianirmds  occur  in  alluvial  deposits  and  river 
gravels,  in  metaniorphic  negions,  and  are  often  associated  with  the 
nii(*iu'e*iiLs  ruck  caUt*d  itacaiumik,  or  flexible  mnrhtone^  They  were^ 
DO  iioubt»  originaUy  imbedded  in  the  rock,  were  set  free  in  the 
jimcess  itf  disiiil^*^ation,  and  were  carried  along  by  the  water 
and  deposited  with  the  detritus,  Tlie  chief  locahties  are  Purteal 
and  Golconda  in  India,  Brazil,  8outli  Africa,  Australia,  Borneo,  the 
Ural  Mountains,  Georgia,  North  Carolina,  ajid  CaEfornia,  The 
fichei*t.  ficltls  arc*  in  Bmzil  and  8outh  Africa, 

History, — Dianiond  is  mentioned  by  Greek  writers  tliree  cen- 
turies before  Christ  under  the  name  adamos,  uniomfuembk.  This 
name  was  afterwar^ls  changed  to  dinmaB,  from  whicli  we  have  the 
English  word,  Dianiond  was  described  by  Manllins  in  his  Astro- 
lurmia  about  B,c»  30,  It  was  first  thought  t*>  be  a  species  of  rock 
cr\>ial,  but  in  161)4  its  combuKtibility  was  shown  by  Avemmi  and 
TWigioni,  who,  at  the  suggestion  of  Duke  Cosmo  III  of  Tuscany, 
humecl  a  dianiond  conipk*tely  in  the  focus  of  a  convex  lens.  About 
171*0,  Lavoisier  and  others  showed  that  the  product  of  its  com- 
bustion is  00^;  and  in  1814,  Davy  proved  that  only  CO,  is  pro* 
ducerl  in  its  combustion. 

Famous  I>iflmonds.^The  diamond  is  the  most  beautiful  and 
mosst  costly  of  preciouB  stones.  Perfect  specimens  are  rare  and 
BO  generally  small  that  the  price  increases  in  almost  geometric 
pfoprirtion  with  tlie  size.  The  ^^alue  is  esthnated  by  weight  in 
terms  of  the  carat,  which  is  equal  to  3.17  grains  or  0.205  gram. 
Tlic  lar|tr<:«t  diamonrl  of  which  we  Iiave  record,  mentioned  by  Tav- 
erni  as  In  the  posseasion  of  the  Great  Mogid,  weighed  before  cutting 
900  carats,  and  after  cutting  279.6  carats.  The  Pitt  or  Regent 
diamond  weiglis  13(125  carats  and  is  of  the  first  water.  It  was 
Bold  to  the  regent  D\ike  of  Orleans  for  S675,000,  and  is  now  esti- 
mat4xJ  to  be  wortK4l.00(J,000,  It  was  placed  by  Napoleon  in  the 
hilt  *»f  the  swonl  of  stale  and  was  raptured  by  the  Prussians  at 
Waterlrjo.  TVie  Koh-i-noor  (mountain  of  light),  now  in  piissession 
of  King  Edward  VII,  weighed  ISf)  carats,  but  was  reduced  by  cut- 
ting to  106.    The  emperor  of  Austria  has  a  yellow  Tuscan  diamond 
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which  weighs  139*5  carats.  The  Orlofif  dianiond  in  the  Russl&n 
scepter  weiglis  194.25  carats.  The  Star  of  the  South i  found  in 
Brazil,  Wicighed  254.5  carats,  but  waa  reduced  by  cutting  to  127. 

The  market  price  of  diamonds  fluctuates  0VL*r  a  wide  range.  The 
average  is  about  as  follows:  One-fourth  carat,  S30;  oDe*half  carat, 
$50;  three-fourth  carat,  $100;  one  carat,  $125;  one  and  a  half 
carat,  $175;  two  carat,  $2*50;  three  carats  $350;  four  carat,  $50C); 
five  carat,  $650 < 

Origin  of  the  Diamondi — The  origin  of  native  diamonds  is  un- 
knoi^'Ti.  It  IB  probable  that  they  were  derived  from  oi^ganic  matter 
and  that  the  crystalUzation  of  the  carbon  took  place  along  with  the 
metamorphisin  of  the  rocks. 

Preparation. — Diamonds  are  crj^stallized  carbon  ^  and  many 
attempts  have  been  made  to  prepare  them  artificially.  Ho  far  no 
stones  of  any  value  have  been  made.  Microscopic  diamond  crys- 
tals have  been  obtained  by  dissolving  carbon  in  molten  cast  iran 
and  letting  the  iron  cool  untier  enormous  pressure.  On  dis^solving 
the  iron  away  with  nitric  acid,  very  suiaU  diamond  cr>*stab  are 
found  in  the  residue*  Microscopic  diamoiuls  are  also  formed  when 
carbon-holding  melted  iron  is  poured  in  small  quantity  into  cold 
water. 

Properties. — ^Diamond  occurs  in  three  forms;  ciystdline,  ma«* 
sive,  and  anthracitic.  In  the  first  form  it  is  colorless  and  trans[iiirefil 
and  crystallizes  in  regular  oclahe<lrons  and  various  modified  forms 


Fhj.  65.— CnvsTALH  op  Diamond, 
of  the  isometric  system.  It  refracts  anfl  decomposes  light  m  power- 
fully that  it  is  the  most  brilliant  of  gems.  Its  index  of  refracti*m  is 
2.43  higher  than  that  of  any  other  substance.  The  ed^es  and  faces 
are  often  curved,  the  ck-avagc  is  octahedral,  and  the  fracture  eon- 
coidal.  The  cr>^stals  are  sometimes  colored  green,  brown,  or  yellow, 
and  may  even  be  black.  The  specific  gravity  is  3.5  to  3-0.  At  UMf 
it  swells  and  becomes  graphitic.  It  bums  to  COa,  leaving  {)  J  Ut  0.2 
per  cent  of  ash,  mostly  ferric  and  silicic  oxids.    It  is  a  poor  cofi- 
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actor  of  electricity.    Small  impetf ect  crystals  not  fit  for  jeweb  are 
Hed  bori. 

Massive  diamond  occurs  in  black  p<^bbles  called  curbQtmdo,    It 
BE  specific  gravity  3  to  3.2*5,  antl  comes  froln  Brazil* 
Acthracitic  tiiamond  has  tbe  appearance  of  anthracite  coal,  but 
is  a8  hard  as  tlie  crystulliiic  foniu     It  has  a  specific  gra\'ity  L66  and 
contains  some  hydrogen  and  oxygen. 

Ultistr&tiQiu — The  combustion  of  diamond  (or  graphite)  may  be  shown 
a»  foWows:  Place  a  fragment  on  a  piece  of  platinum  foil  con  nee  ted  to 
two  copper  wires,  lower  into  a  cylinder  of  oxygen  and  pass  a  rather  strong 
electric  current.  The  fnil  becomes  red-hot  and  the  diamond  takes  fire 
and  burns  in  the  oxygen. 

Diamond-cutting. — Diamond  is  the  hardest  mibstance  known. 
Indeed,  it  i&  difficnlt  to  conceive  of  its  extreme  hardness.  Diamonds 
are  cut  by  jiressing  them  upon  a  revolving  metallic  wheel  whose 
surface  h  co\x^retl  with  a  mixture  of  diamond  dust  and  oil.  The 
proei!!is  is  slow,  requiring  months  and  even  yeajs  for  the  finishing 
of  large  stones* 

Uses*— The  colorless  transparent  tiiamond  eryst^s  are  used 
almost  exclusively  for  settings  in  jeweb^%  The  smaller  iiuperfect 
**nc«  are  used  for  cutting  glass,  for  which  purpose  the  curved  eclge 

the  natural  crystal  is  requirecL  Coarse  and  colored  stones  are 
u»eil  for  pointing  drills  and  in  powder  for  cutting  diamonds, 

GRAPHITE. 

Occurrence^^Graphite  occurs  rather  abundantly  in  varions 
strtfi  of  the  world.  It  is  associated  with  crystalUne  rocks  and  is 
'  '  '  'v  metiimorphic  coal.  The  principal  localities  are 
i],  Norway,  India,  tbe  Eureka  graphite  mines  in 
Jifornia,  and  in  other  parts  of  the  Unit^l  States. 
History*— Oraphite  wfu^  known  Xo  the  ant^ients,  but  was  not 
l«tt!ngniBhed  from  molybilonum  mdfid,  Mojt^,  l>oth  being  called 
nwlifbdena,  or  plum^*a^o  (supposed  to  contain  lead).  It  has  long 
bt^n  u^ed  UiT  niakuig  pencils,  and  hence  its  name,  which  is  from  the 
Greek  word  which  means  to  uriie.  In  1779  Seheele  distinguished 
it  from  molybdenum  sulfid  and  showed  that  it  was  converted  into 
CO^by  nit  He  acid. 

Preparation, — C'arbon  crystallij^es  from  eolution  in  molfjen  iron  ae 
graphite.    The  iron  may  be  dissolved  away  and  the  crystals  obtained* 
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Properties. — Graphite  is  a  soft  black  unctuous  solid  of  specific 
gra^^ty  2  to  2.5.  It  occurs  in  foliated  masses  or  in  six-sided  tabular 
crystals.  It  is  a  good  conductor  of  heat  and  electricity.  It  bums 
with  difficulty,  melts  af  a  very  high  temperature,  and  when  mixed 
with  clay  forms  one  of  the  most  refractory  substances  known. 
Wlien  heated  with  potassium  chlorate  and  nitric  acid,  it  is  con- 
verted into  graphitic  add,  a  yellow  crystalline  substance  whose 
formula  has  not  been  determined.  This  is  decomposed  by  heat, 
leaving  a  very  finely  divided  graphite,  the  form  which  is  used  to 
cover  the  electrotype  moulds. 

Uses. — ^The  most  important  general  use  of  graphite  is  in  the 
manufacture  of  lead-pencils.  The  graphite  is  powdered,  washed 
free  from  grit,  and  mixed  with  finely  divided  clay  and  enough  water 
to  make  a  thick  paste.  This  mixture  is  forced  through  holes  the 
size  of  the  pencil  leads,  and  the  graphite  cylinders  thus  formed  are 
cut  into  proper  lengths  and  covered  with  cedar  sticks.  The  hard- 
ness of  the  pencil  is  determined  by  the  proportion  of  clay  and  the 
amount  of  pressure.  Graphite  mixed  with  clay  is  the  material  of 
crucibles  used  in  many  metallurgical  operations.  Finely  divided 
graphite  is  used  for  polishing  gunpowder  and  iron  articles  such  as 
stoves,  and  for  covering  the  moulds  upon  which  electrotype  plates 
ar<»  to  l)e  made;  also  a.s  a  hil)ricant  for  machinery  where  oil  cannot 
be  used. 

AMORPHOUS    CARBON. 

AnK)r])lious  carbon  is  ol)taiiied  by  heating  carbon  compounds 
away  from  the  air.  The  three  principal  sources  and  the  forms 
derived  from  them  are  as  follows: 

1.  Vegetal )le  matters.     2.  Animal  matters.     3.  Coal. 
a.  Ciiarcoal.  a.  Boneblack.  a.  Coke. 

h.  Lami)blaok.  b.  Ivoryblack.  h.  Gas  carbon. 

Charcoal.— The  j)\irest  eharcoal  is  obtained  by  heating  white 
siifi:ar  in  a  ])latinum  dish  and  i<j:niting  it  in  a  current  of  pure  chlorin. 
As  tluis  obtained,  it  is  l^laok,  tasteless,  odorless,  conducts  electricity 
well,  and  has  a  specific  gravity  1.5.  It  is  used  in  laboratories  as  a 
reducing  agent. 

(\)nnnon  charcoal  is  obtained  by  heating  wood  or  other  organic 
substances  with  a  limited  supply  of  air,  or  in  closed  vessels  away 
from  th(^  air. 
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a  tbe  first  case  the  wood  is  c^haircd  by  its  own  partial  conibustion, 
piled  in  heaps  and  covered  with  brushwood  and  earth  and  lighted 
^_in  t-he  interior,  the  supply  nf  air  being  ^o  regulated  that  the  heat  h 
^Bpainly  pruduced  by  the  combustion  of  the  volatile  matt^^ra,  while  the 
^Bcarbon  remaioa. 

^L       In  the  second  method  the  wood  is  inclosed  in  cylinders  or  retorts 

^^knd  the  heat  applied  outj^ide,     in  thiB  caf>e  the  volatile  product^a  may 

^Hbe  collected  and  utilized,    The»e  are  princij^ally  water^  wood  alcohol, 

pi^'oligneous  acid,  oils,  and  tar,  which  ai*e  condensed  as  liquids;  and 

hydrogen,  carbon   monoxid,  carbon  dioxid,  marsh -gai?,  and  acetylenti, 

which  pa^  o^  aa  gase^. 


k 


I 


Cliarcoal  varies  in  its  physical  properties  with  the  kmd  of  wood 
used  and  the  t-emperatiire  at  which  it  is  foniied.  When  made  at 
300°  it  is  a  mit  porous  black  solid  wliieh  ignites  at  I38(r,  It  has  a 
ipecific  gravity  0.1  to  0,2  when  ita  pores  are  filled  with  air  and  1,5 
when  tbey  aiT  filled  vnth.  water.  It  therefore  swims  when  first 
placed  on  wat'Cr,  but  finally  sinks.  It  absorbs  gasc^g  with  \igor,  con- 
densing them  within  its  p<jres.  At  the  ordinary  temperature  it 
abeorte  90  volumes  of  aninicmia,  85  of  hydrogen  chlorid,  65  of  sul- 
furouB  oxid,  55  of  hydrogen  sulfid,  35  f>f  carbon  dioxid,  9  of  oxygen, 
6  of  nitrogen,  and  1  of  hydrogen*  It  also  has  the  power  of  with- 
drawing subatances  from  S4>lution,  either  simply  retaining  them  or 
decomjxising  them.  In  this  respeet  it  is  most  effective  with  coloring 
tnatters  and*  alkaloids. 

Charcoal  is  one  of  the  mtxst  durable  of  substances.    Tl  is  ini- 
haJigtxl  in  the  air  and  not  attacked  by  the  acids.     Heated,  it  burns 
thout  smoke  or  flame.    Charcoal  made  at  a  high  temperature  is 
and  compact  and  must  be  heated  to  700*^  before  it  ignites, 

Uliistrati&afi-— -To  prepare  chareoal   place  in  a  test-tube  a  dozen  or 
acre  mntch-stieksj  close  with  a  cork  through  which  pa^aes  a  tul>e  drawn 
>  a  stnall  opening,  support  horijEontal,  and  heat.     Water  comes  off  first, 
£*n  gases  wliieh  may  be  lightetl,  while  tar-like  matters  collect  in  the 
ok^r  port  ion  of  the  tubc^  or  in  a  rei-eiver. 

To  show  the  absorption  of  gases  by  charcoal  pass  a  freshly  ignited 
friece  into  a  cylinder  of  ammonia-gas  over  mercury.  The  ammonia  is 
jidly  absorbed  and  the  mercury  risoj?  in  the  cylinder.  If  a  piece  of 
rharcoal  which  ha^  been  long  exposed  to  the  air  be  immrrsed  in  hot  water 
the  m^^  are  rapidly  expelled  and  bubble  out  tlirough  tlie  water. 

To  show  the  action  of  charcoal  upon  solutions^  fill  a  fdter  with  freshly 
Jted  and  jxswdered  charcoal  and  pour  upon  it  ink,  wine,  or  solution 
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of  Aziilin  rriora,  pocaasrim   p^nnAHginAte.  or  hydrogen  solfid.    The 
Lvdroe*^c  ^uifd  k«e&  ite  odor  aod  the  colors  are  aH  disclttrigied. 


V*i 


Fi6  66. 

Lampblack. — ^When  substances  rich  in  carbon,  like  tar,  resm, 
turp^rntirif.  and  petroleum,  are  burned  with  an  insufficient  supply  of 
air,  th^-y  jrivf  off  don-se  clou«b  of  smoke  which  is  largely  composed  of 
Uci-  (•Axr\)f)i\.  The  smoke  Ls  con«lucted  into  chambers  hung  with 
coarse  cloth.-!  up^^m  which  the  carbon  collects  as  the  fine  powder 
calkrfl  InmjMark.  Lampblack  contains  compoimds  of  hydrogen 
and  rarhon.  whirh  may  l>e  removed  by  heating  it  in  a  stream  of 
ehlorin. 

Ljirr;jiMark  i-  wr^ffl  mainly  for  making  black  paints  and  printers' 
ir.K'.  A  v<Ty  fine  <iiiality.  nhtainetl  by  letting  the  fiame  of  oil- 
]:it::;.-  ;Jay  njM»n  riHtaHic  {•latt':^.  is  urkxl  for  making  India  ink  and 
ill  ^Miir-o-printin^. 

Illustration.  Tlif  frirniatiori  of  lampMack  may  Ix*  observed  by  hum- 
ifitr  -'ill.'  li<  nz^nc-  in  a  \\iit<li-frlass  and  holding  over  it  a  bell-glass.  If 
a  » oid  I  l;it<-  l)«-  li<ld  in  a  candle  flamo.  or  in  the  yellow  Bunsen  llanie,  it 
r«  rw-ivr-  ;j  \\'Ai-\-:  d«-jx.>it  of  s(M)t.  The  carlx)n  is  dej)osited  because^  it  is 
lool'd  I'V  till-  plat*'  below  its  hurning  temperature. 

Animal  charcoal  or  Boneblack  is  obtained  by  the  dry  distilla- 
tion of  hnnc  in  iron  vossols.  It  contains  the  mineral  matter  of  the 
\}i)\\i-  and  only  about  10  per  cent  of  earlK)n.  It  Is  highly  active 
becau.-o  the  carbcin  is  finely  distribiit(Hl  through  the  porous  mass  of 
<  al(  iiini  j)}ios])iuite.  It  is  more  efficient  as  an  absorbent  and  chemi- 
cal a;reiit  tlian  wood  charcoal,  and  is  used  as  a  dccolorizer  in  the 
n-iiuinL^  of  snjrar. 

Ivoryblack  is  obtained  by  calcining  ivory  or  teeth  and  has 
projicrtics  similar  to  thos(i  of  boneblack. 
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Coal  has  been  forraed  by  the  slow  decomposition  of  vegetable 
matter  in  the  presence  of  water  and  away  from  air.  It  eonsbts  of 
free  carbon  mixed  with  various  compoTinds  of  carbon,  hydrogen, 
and  oxygen,  together  with  some  mineral  matter.  The  specific 
gravity  varies  from  U  to  L8*  ITiere  art*  two  general  kinds,  hard 
or  anthraciie  co(d  aiid  soft  or  bUumifwm  roa/,  with  many  inter- 
f  I  n'4 1  i a t e  vai'iet i<  's . 

Hard  coal  contain^  about  6  per  cent  of  volatile  matter  and  90 
per  eent  of  earbon.  It  bunis  with  difficulty,  scarcely  yielding 
emoke  or  flame,  but  has  a  high  heating  power. 

Soft  €oal  contains  about  30  per  cent  of  volatile  matter  and  65 
pc?r  cent  of  free  carbon.  It  Ls  of  two  kinds,  called  mking  and  non^ 
eating  coal  When  the  former  bums,  it  melt^  and  runs  together, 
fonning  a  cake,  while  the  latter  bums  to  a^h  without  fmion.  Soft 
e*>al  burns  with  flame  and  smoke  and  is  used  for  onlinary  fuel  and 
in  tlie  manufacture  of  gas.     Coke  is  made  from  caking  coal 

CanjMil  eonl  is  a  soft  coal  which  contains  40  to  66  per  cent  of 
volatile  matter  and  is  used  in  the  manufacture  of  buniing  and  lubri- 
cjiiing  oils  as  well  as  for  fuel.  It  get«  its  name  from  the  fact  that 
small  splint<*rs  can  be  lighted  with  a  mateh  and  bum  like  a  candle, 

Bmum  coal  or  Ligrnle  is  compact  and  brown,  sometimes  black, 
and  contains  much  volatiie  matter  and  a  larger  per  cent  of  oxygen 
than  the  other  coak. 

Jh  is  a  compact,  black  variety  of  lignite  which  takes  a  fine  polish 
and  is  used  in  Jewelr>% 

Peat  is  composed  of  vegetable  matter  very  slightly  altered* 

Coke,— Coke  is  to  coal  what  charcoal  is  to  wood.  It  is  obtained 
by  heating  coal  until  the  volatile  matter  is  all  driven  off.  It  is  made 
In  jug-shaped  ovens  having  an  opening  above  and  one  at  the  side 
belo^*.  Tlie  oven  is  filled  with  coal  and  lighted  and  when  well 
ignited  the  openings  are  closed  and  the  heat  converts  the  whole  mass 
inici  coke* 

Coke  contains  about  90  per  cent  of  carbon,  all  the  mineral  matter 
of  the  coal,  and  small  quantities  of  hydrogen,  nitrogen,  and  oxygen. 
It  is  hard  and  lustrous,  bums  with  difficulty,  giving  little  flame  and 
pi  *  Liid  has  a  high  heating  power.  It  is  largely  used  in  the 
t\  '  i  urc  of  iron  and  in  processe^j  which  require  a  smokeless  fuel. 

Gas  Carb<mi^ — ^Tliis  form  of  coke  is  produced  when  coal  is  dis- 
tilled in  closed  vessels*  m  in  the  manufacture  of  gas.     It  is  deposited 
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on  the  roof  and  walls  of  the  cylinders,  and  is  a  very  pure  caibon, 
almost  free  from  mineral  matter  and  hydrogen.  It  is  of  a  steel- 
gray  color,  compact,  and  very  hard,  and  conducts  electricity  well 
It  is  used  in  batteries  and  as  carbon  rods  for  arc  lights. 

Composition  of  Coal  and  Wood. — ^The  following  table  shows 
the  composition  of  wood,  peat,  coke,  charcoal,  and  the  several  kinds 
of  coal.  The  figures  vary  greatly  in  different  samples,  and  those  are 
chosen  which  seem  to  represent  an  average.      * 


Carbon. ' 

Oxygen. 

Hydrofen. 

Kiirogeti, 

Siilfur 

l«lL 

Wood 

50.0 
60.0 
67.0 
70.0 
80.0 
90  0 

«.o 

85.6 

40.0 

31. e 

25.0 
12.0 
80 
8.0 
2.0 
3.8 

6.0 
5.8 

5J 
3JJ 

a  a 

1,0 

X.O 

1.0      , 

1.8 

2.1 

0.8 

0,4 

1,8 

l.O 
0.1 

&i 

Peet 

SlS 

Jjifirnite 

2.0 

Bituminous  coal 

Can  Del  coal 

20 

2.8 

Anthracite  coal 

Coke 

Charcoal 

IJ 
114 

General  Properties  of  Carbon.— In  all  its  forms  carbon  b 

practically  infusible  and  non-volatile.  Except  as  diamond,  it  is 
always  l)lack  or  gray  in  color.  At  the  ordinary  temperature  it  is 
without  chcuiical  activity  and  remains  unaltered  indefinitely.  It 
\niitos  diriH'tly  at  moderate  temperatures  with  very  few  elements. 
At  rod  heat  it  comhines  with  oxygen,  sulfur,  hydrogen,  and  nitrogen. 
In  its  c<)mi>act  form  as  diamond,  graphite,  and  gas  carbon  it  bums 
witli  jrn^nt  difficulty:  as  coke  and  anthracite  coal  it  bums  freely 
when  well  iunitrd :  as  cliarconl  it  Inu'ns  easily  because  of  its  porosity. 
Its  heat  of  cDiiihustioii  is  i)7,<MM)  calories.  1\^  valence  is  four, 
tlniuiih  in  a  W\\  casi's  it  srems  to  act  as  a  »lyad.  It  is  electro-nega- 
tive and  forms  no  salts.     Its  oxid  and  sulfid  both  form  acids. 

(  arhon  <oft('ns  anil  is  somewhat  volatile  at  3500°  and  under 
great  prcssurr  mrlts  in  tiie  electric  furnace.  It  is  insoluble  in 
water,  acids.  an»l  alkalis,  l)Ut  dissolves  in  molten  metals. 

Carbids.— At  the  temperature  of  the  electric  furnace,  carbon  is 
made  to  combine  with  a  immber  of  the  metals.  The  most  impor- 
tant of  tliesc*  compounds  is  calcunn  airbidy  CaC,,  now  much  used  in 
the  pre])aration  of  acetylene  gas. 

Uses.— Carbon  finds  various  uses  in  the  arts  besides  those  already 
mentioned  in  connection  with  its  allotropic  forms.     It  is  the  princi- 


xxvmi     Tim  CAEmiDs.  cambon  group. 


399 


pal  constitueDt  of  all  fuels  and  is  the  common  reducing  agent  for 
Bcparating  the  metals  from  their  ores. 

XUuttrfttions.^ — ^Heat  in  fk  small  tube  n  mixture  of  cimrcod  and  arse- 
no  U5  u\id*     The  reduced  arsenic  us  depoisjted  as  a  dark  nng  m\  the  tube. 

Hprinkle  a  little  freshly  jgtiited  boncblack  on  a  bit  of  phosphonifl- 
Tilt*  f  i!Kja[ihoroii&  takes  fire  because  of  the  action  of  the  condeneed  axyg^a. 


COMPOUNDS   OF    CARBON, 

Carbon  forms  io  the  ordinary  way  a  few  compoim<ls  such  as 
rb*>n  dioxid,  carbon  disulfid,  the  carbids,  and  the  carbonates. 
ies  these  there  is  an  immense  number  of  compounds  called 
*it%  because  many  of  the  most  ijiiportant  ones  are  fouiui  in  the 
bodies  of  plants  and  animals.  They  are  composed  of  but  ieyf 
jients,  mainly  carbon,  hydrogen,  oxygen,  and  nitrogen,  though 
tarly  all  the  other  elements  may  be  introduced,  Some  contain 
aly  carbon  and  hydrogen  and  are  called  ht/droatrbofis.  Others 
eontain  carlnm^  hydrogen,  and  oxygen  and  arc  di%d{led  into  many 
classes  mich  a.s  alcohols,  acids,  ethers,  etc.  Still  <jthers  contain 
aljK»  nitrogen  and  are  called  niirogcjious  arganw  compowids.  So 
numerous  are  thpse  carbon  cornprmnd-s  that  they  are  usually  treated 
in  a  separate  work  called  organk  chcmistrf/. 

CX>MPOUNDS  OF  CARBOX   WITH   HTDHOGEN. 

Carbon  forms  with  hydrogen  a  large  number  of  compomids 

^hich  fall  in  til  S4;veral  series,  the  successive  meud>ers  of  which  differ 

a  constant  quantity,  CH^*    The  carbon  atoms  possess  the  prop- 

ly   of  linking  tlK'insehTa  trtigether  in  chains  and  circles  and 

this  way  the  jmnil>er  of   possible    compounds  is  almost   un- 

H  H    H 

ftit^d.    Examples  are  methane,  H — C — H;  ethane,  H — C — C — ^H: 

I  I      I 

H  H   H 

H  H   H   H 


>pane, 


etc- 


C— H;    butane,  H- 

,1  II    i   I 

H    H    fl  H    H    H    H 

lene  are  four  principal  series,  the  first  few  membeis  of  wliich  are  as 

jws: 
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Mareh-gas  Series.  Ethylene  Series.  Acetylene  Series.  Beowne  Series. 

Methane  CH4        Ethylene  C^H^  Acetvlene     C^    Benezene  C A 

Ethane    CjH,       Propylene  C,H,  AUylene        C,H^    Toluene    C^, 

Propane  C,H,       Butylene   C^H,  Crotonylene  C,H,    Xylene     C,H„ 
Gen.  Form.  CnHjn+a              CnH,n  CuH^.,  Qfl^ 

Only  the  first  member  of  each  of  these  series  will  be  treated  in 
this  connection.    They  have  structures  as  follows: 

H  H  H 

Methane  H— C— H.    Ethylene  H— C-C— H.    Acetylene  H— C»0-H. 

H 

H 


i 


Benzene  I 


H— C^    \C— H 


H-C^     /C— H 


METHANE   OR   MARSH-GAS. 

Formula  CH^.     Molecular  weight  16.     Density  8. 

Occurrence. — Mothane  is  a  product  of  the  decomposition  of 
vegetal )lo  matter  under  water.  When  the  mud  at  the  bottom  of 
a  stagnant,  marshy  pool  is  stirred,  bubbles  of  gas  arise  which  con- 
sist largely  of  methane,  hence  the  name  marsh-gas.  It  was  pro- 
(UuhmI  in  the  formation  of  coal  and  is  found  confined  under  pressure 
in  the  coal-beds  and  in  their  vicinity.  It  forms  an  explosive  mix- 
ture* with  the  air  and  is  the  fire-damp  of  the  miners.  It  is  a  large 
const  it  iK^nt  of  natural  gas,  coming  from  wells  and  petroleum  springs. 
The  holy  fire  at  l^aku  on  the  Cas])ian  Sea,  which  has  existed  from 
time  immemorial,  is  burning  methane. 

Preparation. — Methane  is  always  a  product  of  the  dry  distilla- 
tion of  organic  ])odies,  as  well  as  of  their  slow  decomposition  under 
water.     In  the  laboratory  it  may  be  obtained  in  the  follo\^dng  ways: 

1,  By  the  action  of  water  upon  zinc  methyl: 

Zn(CU,),  +  2H,0  =  Zn(H0)2  -h  2CH,. 

2.  \W  passing  a  mixture  of  carbon  disulfid  and  hydrogen  sulfid  eve- 
red-hot  copper:  2H,S  -h  CS,  +  8Cu  =  4CU2S  +  CH,. 


Ca.  XXVIII]       TMS  CABBOWS,     CARBON  OROUP. 


401 


3.  By  beating  aa  acetate  with  a  strong  alkali,  m  soda  lime: 

NaC,li|0,  +  NaOH  -  XajCO,  +  CH<, 

To  prepare  methane  by  the  last  reaction ^  heat  in  an  iron  tube  OF 
copper  iiiLsk  a  mixture  of  one  part  sodium  acetiite  and  four  part«  soda 
liine  and  collect  tlic  gas  over  water,  Tbu^s  prejMred  it  contains  hydrogen 
and  ethylene. 

Physical  Properties, — Itlethane  is  a  gas,  colorless,  tasteless,  and 
nlTTu>jst  odorless,  with  specific  gravity  0,55*  l"uder  the  infiuence  of 
pressure  and  cold,  it  becomefi  a  liquid  which  boils  at  —144°.  Its 
rrilii*al  temperature  and  pressure  are  —  95*^  and  50  atmospheres. 
It  dissolves  slightly  in  water,  cme  part  t-o  twenty,  but  b  more  soluble 
jci  alcohol. 

Clietmcal  Properties.— Methane  is  quite  stable  and  m  not 
attaeked  l>y  acids,  but  is  decoiupused  at  a  white  heal*  Its  heat  of 
forruation  is  21,800  calories,  It  bums  readily  with  a  pale-blue, 
faintly  liiriiiiuMis  flanie  to  earlion  dioxtd  and  water.  It  tnake^  ex- 
plosive  mixtures  with  two  vakunes  of  oxygen,  ten  of  air,  or  one  of 
chloriii.  Ulixitd  with  cWorin,  it  remaihs  unehangeil  in  the  dark, 
but  in  direct  sunlight  explodes  mth  separation  of  carbon: 

CH,  +  4C1  =  4HCI  +  C, 


i^pAised  daylight  the  chlorin  replaced  the  hydrogen  atom  by  atom 
lofflows; 


CW,  +  2C1  -    HCl  +  CH3CI,  methyl  chlorid,  a  eolorless  gas, 
CH,  4^  4a  -  2HC1  -f  CH.Clj,  methylene  chlorid,  alight  liquid. 
CH,  -f  fCI  =  3liCl  +  CnCl,,  chloroform,  a  light  Uquid. 
OH,  f  SCI  ^  4Ha  -h  CCi^,  carbon  tetmchlorid,  a  colorless  liquid. 

The  radical  CHjj  obtained  by  remo\^ng;  one  H  from  methane  is 
called  methjL  It  acts  like  a  positive  element  and  enters  into  an 
inunen^  number  of  organic  compounds.  The  second  member  of 
the  S4^rie\s,  ethane,  C^H,,  gives  the  similar  radical,  dhyl,  Q^;  the 
third  jdves  prop//,  C^H,,  ete. 

The  compounds  belonpn^  to  the  marsh-gas  series,  up  to  the  one 
ef>ntaining  thirty  carbon  atoms,  are  nearly  all  contained  in  petro- 
h'tmi,  and  the  IriKher  members  eonstihite  the  white  solid  called 
pxmffm.  Tlrey  are  therefore  sometimes  called  paraffijiSj  the  word 
being  from  the  Latin,  and  meaning  Utth  afpniiy. 
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Illustrations. — Mix  methane  with  air,  oxygen^  or  chlorin,  and  ignite. 

Bring  ii  llamc  to  the  mouth  of  a  jar  of  the  gas,  or  ignite  a  jet^  The 
gas  ])re{)aro(l  as  usual  will  bum  with  a  luminous  flame.  If  it  be  passed 
through  sulfuric  acid  the  flame  is  nearly  non-luminous. 

ETHYLENE. 

Formula  Qfi^.    Molecular  weight  28.    Density  14, 

Occurrence. — Kthylene  occurs  along  with  methane  in  gaseous 
exhalations  from  coal-bods,  oil-springs,  and  wells,  and  in  natunl 
gas,  and  ijs  a  constituent  of  coal-gas. 

Preparation.— Ethylene  is  fonned — 

1.  By  the  destructive  distillation  of  organic  matters  and  ooal. 

2.  By  the  action  of  alcoholic  potash  upon  ethyl  iodid,  of  of  one- 
copper  coujtle  ujKin  ethylene  dibromid. 

3.  By  (iehydrating  alcohol  with  phosphorus  pentachlorid  or  sulfuric 
acid:  ( ,n.()-H,()  ='C,H, 

To  prcj)aro  ethylene  by  the  last  reaction,  place  in  a  flask  a  mixture 
of  one  ))art  alcohol  and  six  parts  sulfuric  acid,  heat  to  boiling  and  add 
slowly  throujrh  a  funnel  tul)e  a  mixture  of  equal  parts  of  the  alcohol 
and  acid.  The  ^as  is  purifieil  by  passing  through  sulfuric  acid  and 
potassium  liydroxid.  and  colh^ted  over  water. 

Physical  Properties. — Ethylene  is  a  colorless  gas  with  a  pleasant, 
ethereal  ndor  ami  a  s|)('cific  <rravity  O.OS.  It  dissolves  in  four  vol- 
umes of  water  and  in  iialf  its  volume  of  ether  or  alcohol.  When 
cooled  under  pressure  it  Ixromos  liciuid  and  solid;  melts  at  —  169^^ 
and  lH»ils  at  -10.")^.  Its  critical  temperature  and  pressure  are  13* 
and  GO  atmospheres. 

Chemical  Properties. — Ethylene  bums  with  a  brightly  lumi- 
nous flame.  (lre(»m|)()sin<4  first  into  methane  and  acetylene,  and 
finally  yieldinix  earl)<)n  tlioxid  and  water.  It  is  an  unsaturateil 
com])ound.  tlie  carbon  atoms  bein<i:  doubly  linked,  and  hence  fonns 
addition  ])ro(lucts.  It  unites  directly  to  the  halogens,  the  haloid 
aci<ls.  and  c)ther  com]iounds.  vielding  derivatives  of  the  marsh-gas 

series   i|  >C  =  (^<!i  +  CI,  =  H  -X— C(-H.      Its  heat  of  forma- 
II  Ii         -      (.jX         \^i 

tion  i<:  -  noon  calories. 

Illustrations, — Fill  a  jar  with  equal  parts  of  ethylene  and  chlorin 
and  iirnit**.     The  mixture  burns  with  a  preenish  flame. 

Invert  a  similar  jar  over  water.     The  gases  slowly  imite  and  o3y 
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Idropfl  of  ethylene  ehlorid  sink  through  the  water.    From  this  action  it 
I  obtained  l\w  name  olefiant  gas. 

Fill  a  flask  with  ethyJeDe  and  twld  Ji  few  drap^  of  bromin*    The 
[bron^in  k  soon  replaced  by  colorless  etfjylene  bromid* 


ACETYLENE* 

Formula  CjHj,    Molecular  weight  26.    Density  13. 

Occurrence.— A  cet  vie  lie  searcely  occurs  free  except  as  a  con- 
stittient  vi  natural  gas  and  coal-gas.  The  illuminating  power  of 
thene  gases  is  largely  clue  to  acetylene  rfnd  ethylene. 

Preparation* — Acetylene  may  be  prepared — 

I*  By  dirert  union  of  carbon  and  hydrogen,  as  when  the  electric  arc 
betwei*n  carbon  eleetrofles  is  surrounded  with  hydrogen. 

2.   By  eomhij.stiijii  of  hydrtjcarbon  giises  with  an  insufficient  supply 
of  air,  m  when  a  Bunsen  lamji  burns  at  llie  base  of  the  chimney. 
3*  By  the  action  of  alcoholic  potash  upon  ethylene  bromid: 

C,H,Br,  +  2KH0  =  2KBr  +  2H,0  +  C,H,, 
4.  By  the  action  of  water  upon  carbids: 

CaCj  +  2H,0  -  Ca(HO)j  +  C^Hj, 

Acetylene  is  most  conveniently  prepared  by  the  last  method. 
The  earbid  is  placed  in  a  flajsk  and  the  water  h  added  dr©p  by  drop 
thnjygh  a  s^eparatory  funnel- tul^e.  The  gas  is  collected  over  water 
or  burned  fnnna  jet. 

Ptiysical  Properties.^ — Acetylene  is  a  colorless  gas  with  an  un- 
pleasant odor  and  sfK^cific  gravity  0.92.  It  k  poisonous,  and  even 
wbdi  dilute  induces  headache.  It  dissolves  in  its  own  volume  of 
water  and  in  one  sixth  its  volume  of  alcohoh  At  1°  and  under  48 
atmoephercs  it  becomes  a  colorless  licjuid  wliich  freezes  by  it^  ow^n 
m-aporation  to  a  solid  w^bich  nielbs  at  —  S\°.  Its  critical  temper- 
ature and  presi^ure  are  37°  and  61^  atmospheres. 

Chemical  Properties.^ — Acetylene  bums  wnth  a. very  smoky 
fiame.  With  specially  preparejd  bumei's  it  makes  a  very  bright 
wliit<^  light.  It  makes  an  e3cplosi%'e  mixture  with  air  or  oxygen, 
unites  energetically  with  chlnrin  and  broniui,  and  witli  nascent 
hydrogen  forms  firi?t  ethylene.  CjH^.  and  then  ethane,  CjHg*  At  a 
red  heal  three  molecules  unite  to  form  benzene,  C^H^ ,  the  funda- 
mental compound  of  the  aromatic  series.  The  hydrogen  atoms  am 
repkceablc  by  nietals  and  some  of  the  compounds  thus  formed  are 
unstable  and  explosive,  as  for  example  the  silver  and  copper  acety* 
Udfi.     Its  hi^at  of  formation  is  —  47.770  calories* 
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Use. — Acetylene  has  recently  come  into  use  as  an  illunmiaiit 
for  private  dwellings  and  business  houses.  The 
gas  is  generated  in  simple  machines,  is  con- 
ducted through  ordinary  gas-pipes,  and  deliv- 
en»d  through  burners  specially  adapted.  It  is 
prepared  from  calcium  carbid,  which  is  niade 
by  heating  together  lime  and  coke  in  the  ele^ 
trie  furnace. 

niustratioii. — ^The  acetylene  light  may  be  shon 
by  igniting  the  gas  flowing  from  a  jet  connect- 
ed   with    the    generator.      The    flame  sliouiJ  be 

~^=^  ■■  -    -  -  — "       small. 
Fig.  67. 

BENZENE. 

Formula  0.11 1.    Molecular  weight  78.     Density  39. 

Preparation. — Benzene  is  one  of  the  products  of  the  decompch 
sition  of  many  of  its  compounds.  It  is  thus  formed  in  the  distil- 
lation of  coal  and  jx^troleum.  It  is  usually  obtained  from  coal-tar 
by  fractional  distillation.  The  distilhite  coming  over  between  iff 
and  8.")°  is  mainly  honzone.  Pure  benzene  is  obtained  by  distilling 
a  inixtiirc  of  IxMizoic  acid  and  calcium  oxid. 

Physical  Properties.— Bt^nzono  is  a  colorless,  volatile,  liighly 
retractive  li((\iid  with  a  pleasant  cthoreal  odor  and  a  specific  gra\ity 
O.ss.  It  dissolves  in  alcoliol,  ctluT,  acetic  acid,  and  chlorofonn, 
hut  x-arcely  in  water.  It  dissolves  sulfur,  phosphorus,  ioilin,  fats, 
resins,  oils,  and  alkaloids.  It  crystallizes  in  trimetric  pyraniiils. 
ll  solidilies  at  ()^  melts  at  G°,  and  boils  at  80.5^ 

Chemical  Properties. — J^enzene  may  b(»  lighted  with  a  match 
and  burns  witli  a  smoky  flame.  Its  heat  of  formation  is  — 12..')10 
calories,  and  its  heat  of  eomlmstion  is  776,000  calories.  It  is  easily 
acted  upon  by  chemical  airents,  the  hydrogen  atoms  being  replaced 
by  various  elements  and  radicals,  and  giving  rise  to  the  almost 
innumerable    compounds    belon^ring   to   the   benzene   or   aromatic 

TLT.T'MI\ATIXr,-GAS. 

History. — In  1720,  Stephen  Hales  ol>tained  an  inflammable  gas 
fn^n  coal.  The  first  practical  us(»  of  it  was  made  by  William 
Munloch.  a  Scotchman  of  Rudruth.  in  Cornwall.     He  lighted  his 
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reddence,  and  in  179S  he  lighted  a  factory  at  Soho,  In  1805  it 
ysBB  used  in  a  large  cotton-mill  at  Manchester.  London  was  firat 
lighted  with  gns  in  1812,  and  Paris  in  IS  15, 

Manufacture  of  Coal-gas,— Coal-gas  is  prepartnl  by  the  destruc- 
tive distillation  of  coal.  The  products  of  the  distillation  fall  into 
four  classes: 

1,  Coal-gas,  a  mixture  of  many  hydrocarbons* 

2,  Coal-tar,  an  oOy  tar-^Uke  liquid,  also  mainly  composed  of 
hydrocarbons, 

3*  Ammoniacal  liquor,  or  gas-wat^sr,  containing  ammonia  and 
ammonium  compounds  in  solution, 

4,  Ga^-carbon  and  coke  which  remain  in  the  /etorts.  Theae 
have  alrc^atiy  been  described, 

^oft  coal  IS  heafced  to  about  11110^  in  firen^lay  or  iron  retorts.  Tlie 
ptTJciiicts  of  the  dietiilation  are  carried  upward  through  a  large  pipe 
wbirli  turus  ilovniward  and  dips  beucath  water  in  a  horizontal  cylinder 
called  the  htfdraidic  mairij  in  which  are  collected  the  tar  and  heavier 
hquitlg.  The  residual  ga^ics  are  passed  tl^rough  a  series  of  vertical  tubes 
called  amdenscrSj  each  openiog  below  in  a  water  vesseL  In  these  more 
of  the  caiidensible  and  soluble  gases  are  retained.  The  gas  then  passes 
through  twu  lowers,  called  scruhUrs^  filled  with  coke^  over  which  plays 
u  fme  Bjirny  of  WLiter,  In  these  are  removed  m«>st  of  tlte  hydrogen  siiLfid 
itnd  ammonia,  11ie  gas  is  still  further  purified  by  pa^ssing  tiu-ough  cham* 
btsrtt  L'ontainiug  filaked  lime  or  ferric  hydrate  to  free  it  a,^  completely  as 
|M>rwible  from  hydrogen  sulfid  and  carbon  disuJfid,  which  in  burning 
vitiute  the  air  with  sulfurous  oxid,  and  from  carbon  dioxid,  which  as  a 
diluent  ilimiuished  the  illuminating  power  of  the  ga.s. 

Composition  of  Coail-gas»— Conl-gaii  h  a  mixture  of  many  sul>- 
,stauces  in  proportioiiB  which  depend  upon  the  nature  of  the  coal 
from  which  it  m  made.  The  coustituenta  may  be  classified  into 
iuminanlSj  diluerd^,  and  impuriiks.  These  are  prt^sent  in  average 
proportions  aljout  as  follows: 

1.  Lmmnanin,  hydrocarbons  rich  in  carbon  which  give  a  bril- 
liant light  and  bum  with  a  smoky  flame  unless  diluted.  These  are 
mainly  acetylene,  CgHj,  ethylene,  C^H^,  propylene,  CgH^^  and  ben- 
^ne,  C^H„,  together  about  G  per  cent. 

2.  Dilumls,  combustible  gases  which  give  but  little  light,  yet 
help  to  consunYO  tlve  heavier  luminants*  Such  are  hydmgen,  46  per 
fHMii,  methane,  40  per  cent,  and  carbon  monoxid,  4  per  cent»  in  all 
atiout  9fl  per  cent. 
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3.  Impuritus  which  are  not  removed  in  the  purifying  process  and 
which  are  injurious  to  the  gas,  such  as  nitrogen,  carbon  dioxid,  and 
hydrogen  sulfid,  about  4  per  cent. 

Illuminating  Power  of  Gas.— The  illuminating  power  of  gas  is 
determined  by  comparison  with  standard  candles.  A  gas-flame 
burning  5  cubic  feet  of  gas  an  hour  is  compared  with  the  flame  of 
a  candle  burning  120  grains  (7.79  grams)  of  sperm  an  hour.  OnU- 
nary  gas  has  a  power  of  13  to  16  candles,  while  gas  made  from 
camicl  coal  may  run  as  high  as  35  candles. 

Coal-tar. — Coal-tar  is  a  thick,  black,  oily,  bad-smelling  liquid. 
It  is  a  very  complex  mixture  rich  in  hydrocarbons  of  the  benzene 
series,  which  may  be  separated  by  fractional  distillation.  Tlie 
principal  constituents  are  benzene,  toluene,  xylene,  naphthalene, 
anthracene,  carbolic  acid,  etc.  The  residue  is  a  black  pitch  which 
is  used  as  a  vaniish  for  iron  articles,  for  covering  roofing  paper,  and 
for  making  asphalt  pavements. 

Ammoniacal  Liquor. — ^The  water  which  comes  from  the  hydraufie 
main  and  the  condensers  contains  large  quantities  of  ammonia  and 
ammonium  salts.    It  is  the  chief  source  of  commercial  ammonia. 

Wood-gas. — Where  wood  is  abundant  it  may  be  used  as  a 
source  of  illuniiuating-gas.  The  process  of  manufacture  and  puri- 
fication is  similar  to  that  used  for  coal-gas.  Wood-gas  is  rich  in 
hca\^'  hydrocarbons  and  carbon  monoxid  and  has  a  high  illuminat- 
ing power.  It  is  free  from  hydrogen  sulfid.  The  Uquid  products 
of  the  distillation  arc  acetic  acid,  methyl  alcohol,  acetone,  creosote, 
and  wood-tar.  Wood  is  more  often  distilled  for  these  liquids  than 
for  the  gas. 

Water-gas. — Tlie  so-called  water-gas  consists  essentially  of 
hydrogen  and  car])on  monoxid  obtained  by  passing  steam  over 
mcandescent  carbon: 

C  +  H2O  =  Hj  +  CO. 

The  kimiiiosity  of  this  mixture  is  increased  by  introducing  a  small 
amount  of  lieavy  hydrocarbons  obtained  from  gasoline  or  naphtha. 
Natural  Gas. — Natural  gius  comes  from  the  earth  in  large  quan- 
tities, ixarticularly  from  deep  borings,  and  is  much  used  for  fuel  and 
light.  It  is  found  in  the  vicinity  of  coal-beds  and  in  oil  regions,  and 
has  no  doul)t  boon  dorivod  from  coal,  petroleum,  and  decomposing 
organic  matter.     It  consists  of  marsh-gas  and  other  hydrocarbons. 
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PETROLEUM. 

Occurrence. — ^Petroleum  occurs  in  many  parts  of  the  earth.  It 
is  particularly  abundant  in  the  Appalachian  and  interior  coal- 
fields of  North  America  and  in  Russia  on  the  shores  of  the  Black 
and  Caspian  seas.  These  two  regions  produce  about  nine  tenths  of 
the  world's  supply.  It  is  also  foimd  in  California,  Texas,  and  other 
States,  and  in  Persia,  Burmah,  China,  Japan,  Himgary,  Germany, 
and  parts  of  South  America. 

Properties. — ^Petroleum  is  a  thick,  oily,  fluorescent  liquid  with 
an  unpleasant  odor  and  specific  gravity  0.78  to  0.90.  It  is  yellow 
or  greenish  in  color  and  sometimes  nearly  black. 

Origin. — ^The  origin  of  petroleum  is  not  known.  It  was  most 
probably  produced  by  the  decomposition  of  organic  matter  away 
from  the  air.  It  is  usually,  though  not  always,  associated  with  coal. 
The  California  petroleums  are  supposed  to  be  of  animal  origin. 
Another  theory  is  that  it  has  been  the  result  of  the  decomposition 
of  metallic  carbids  by  heat  in  the  presence  of  water. 
'  Composition. — American  petroleum  consists  almost  entirely  of 
hydrocarbons  of  the  marsh-gas  series,  while  the  Russian  oil  con- 
tains 10  per  cent  of  benzene  compounds,  with  a  notable  quantity  of 
ethylene.    The  liquids  hold  the  gases  and  solids  in  solution. 

Refining. — ^Petroleum  is  refined  by  fractional  distillation.  In 
the  first  process  it  is  separated  into  four  parts. 

1.  Petroleum  ether,  boiling  below  60°  and  consisting  mostly  of 
pentane  and  hexane.  This  is  further  divided  into  two  or  three 
products,  the  chief  of  which  is  gasoline^  which  boils  at  46°  and  has 
a  specific  gravity  about  0.65. 

2.  Petroleum  benzene  or  naphtha,  boiling  between  60°  and  120°, 
and  consisting  mainly  of  heptane  and  octane.  It  is  separated  into 
benzine  which  boils  about  60°  and  has  a  specific  gravity  about  0.7, 
and  two  or  three  grades  of  naphtha. 

3.  Burning  ails,  boiling  from  150°  to  300°  and  having  a  specific 
gravity  0.7  to  0.82.    These  are  usually  separated  into  three  grades^ 

Standard  white,  with  fire  test  44°  and  boiling-point  about  175°. 
Prime  white,  with  fire  test  49°  and  boiling-point  about  200°. 
Water  white,  with  fire  test  66°  and  boiling-point  about  275°. 

The  fire  test  is  the  temperature  at  which  the  oil  gives  -oflF  an 
inflammable  vapor.    The  oil  is  gradually  heated  in  a  tube  or  oper 
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vessel  until  on  the  approach  of  a  flame  the  vapor  bums  with  a  flash 
when  the  temperature  is  noted. 

A  good  burning  oil  should  be  free  from  the  lighter  hydrocar- 
bons so  that  no  inflammable  gas  may  arise  from  its  surface,  and 
from  tlie  heavier  liquids  and  solids  so  that  the  wick  may  not  be 
clogged. 

4.  A  residuum  from  which  is  obtained  successively  lubricating 
oils,  vaselin,  paraffin,  and  finally  an  excellent  coke  used  for  electric 
purposes. 

Asphalt  is  probably  an  oxidized  residuum  of  petroleum. 

COMPOUNDS  OF  CARBON  WITH  THE  HALOGENS. 

The  halogens  enter  along  with  hydrogen  into  the  composition  of 
many  carbon  compounds  and  all  the  hydrogen  may  be  replaced  by 
the  halogen.  We  can  treat  in  this  connection  only  the  tri  and  tetra- 
halids. 

Carbon  Tetrafluoridy  CF^,  is  a  colorless  condensible  gas,  and  the 
only  carbon  halid  which  can  be  prepared  by  direct  union  of  the 
eic^ments.  It  is  formed  by  the  action  of  fluorin  upon  finely  divided 
carbon,  as  lampblack,  and  the  action  is  attended  with  light  and 
heat. 

Carbon  Tetrachlorid,  CCl^,  is  fornunl  by  the  action  of  chloriil 
upcMi  clilorofonn  in  sunli<rlil,  CHCI3  +  CI  =  (X^l^  +  H;  or  by  the 
action  of  clilorin  upon  carbon  disulfid  at  40°.  It  is  a  colorless  vola- 
tile Vu\uu\  of  pleasant  odor  and  sj)ecific  «:ravity  1.63.  It  boils  at  76^ 
and  l)cconu\s  a  crystalline  soliil  at  —  .*>(P. 

Trichlormethane,  or  Chloroform,  CHCI3,  is  a  colorless  volatile 
litjuid  used  as  an  anesthetic. 

Carbon  Tetrabromid,  CHr^,  is  a  crystalline  solid  which  melts  ai 
92.5°  and  boils  with  deconijiosition  at  1S9°.  It  is  formed  by  the 
action  of  iodin  hroinid  upon  l)roinof()rm,  CHBrj,  or  carbon  disulfid. 

Tribrommethane,  or  Bromoform,  CHBrj,  is  a  colorless  volatile 
liquid. 

Carbon  Tetraiodid,  CI4,  crj'stallizes  from  ethereal  solution  in 
rpfrular  octahedrons  which  have  a  reddish  color.  It  has  specific 
gravity  4.32,  and  deconi]ioses  on  exposure  to  the  air,  or  on  being 
heate<l,  into  carbon  dioxid  and  iodin. 

Triiodomethane,  CHI,,  or  Iodoform,  is  a  yellow  crystalline  solid. 
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OXIDS  OF  CARBON. 

Carbon  forms  two  oxids : 

Carbon  jnonoxid  or  carbonous  oxid,      CO     C=OorO—C=* 
Carbon  dioxid  or  carbonic  oxid,  CO2    0  =  C  =  O. 

In  the  first  carbon  seems  to  be  a  dyad,  but  CO  may  be  regarded 
as  a  bivalent  radical,  and  in  most  eases  it  seems  to  act  in  this  way. 

CARBON   MONOXID. 

Formula  CO.    Molecular  weight  28.    Density  14. 

Occurrence. — Carbon  monoxid  occurs  in  nature  only  as  it  is 
formed  by  the  imperfect  combustion  of  carbon.  It  is  found  in 
chimney  and  furnace  gases  and  in  the  gases  coming  from  charcoal 
fires. 

Preparation. — Carbon  monoxid  is  obtained,  always  through  the 
aid  of  heat — 

1.  By  reducing  carbon  dioxid  with  carbon,  zinc,  iron,  etc. : 

CO,  +  C  =  2C0. 
Carbon  dioxid  is  passed  through  a  tube  containing  charcoal  or  the 
metal  raised  to  a  red  heat.  The  blue  flame  which  plays  over  a  bed  of 
Rowing  coals  is  due  to  the  burning  of  CO  to  CO,.  The  air  entering  be- 
low forms  CO,.  This  passing  through  the  hot  coals  m  reduced  to  CO; 
which  on  meeting  the  air  above  burns  again  to  CO,. 

2.  By  the  action  of  water  or  metallic  oxids  upon  carbon: 

H,0  +  C  -  H,  -f  CO.     fW^ater-gas.) 

3.  By  the  action  of  carbon  or  metals  upon  carbonates: 

4CaC0,  +  3Fe  =  Fe,0,  +  4CaO  +  4C0. 

4.  By  the  action  of  strong  sulfuric  acid  upon  potassium  ferrocyanid: 
K,FeC,N,  +  6H,S0,  +  6H,0  =  FeSO,  +  2K,S0,  +  3(NHJ,S0,  +  6C0. 

5.  By  dehydrating  certain  organic  acids  with  hot  sulfuric  acid: 

Formic  acid,  HCOOH  =  H,0  +  CO. 

6.  In  the  distillation  of  organic  substances. 

To  prepare  carbon  monoxid  for  use  in  the  laboratory,  heat  in  a  flask 
one  r*^  '  Wic  acid  and  six  parts  sulfuric  acid,  or  one  part  potassium 
fer"  ^^  ten  parts  sulfuric  acid.    Collect  over  water  or  by  dis- 

is  desired  to  have  it  free  from  carbon  dioxid,  let  the 
gh  potassium  hydroxid  sohition. 

ies. — Carbon  monoxid  is  a  colorless,  tasteless 
angent  odor  and  specific  gravity  0.97.     It  is 
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BBghtly  soluble,  100  volumes  of  water  dissoh-ing  only  3  volumes 
at  QP.  It  is  one  of  the  most  difficult  of  gases  to  liquefy.  Its  critical 
temperature  and  pmssure  are  —140®  and  36  atmospheres.  The 
liquid  lj<iiLs  at  — 190°  and  becomes  solid  at  about  —  200*^.  By  allow- 
ing it  to  vafH)rize  in  vacuo  a  temjx^rature  of  —220°  is  obtained. 

Chemical  Properties. — Carbon  monoxid  is  not  easily  formed  by 
dinrt  union  of  its  elements,  nor  is  it  easily  decomposed.  Burning 
bodies  an*  extinguished  in  it,  and  it  is  chemically  quite  inactive  at 
the  onlinary  tenijKTature.  It  burns  ynih  a  pale-blue  flame  to  CO, 
and  is  a  powerful  n^ducing  agent.  Perfectly  dry  carbon  monoxid 
and  oxvfftMi  Ao  not  unite.  The  contact  or  catalytic  action  of  water 
seems  to  Ik.'  necessary,  the  CO  bi»ing  oxidized  by  the  oxygen  of  the 
water  and  the  liberated  hydrogen  uniting  with  the  free  ox}-gen. 
Its  heat  of  formation  is  29.000  calories. 

Physiological  Properties. — Carbon  monoxid  is  a  ^iolent  poison, 
one  per  cent  in  tlie  air  pnxlucing  headache  and  vertigo,  and  a  laigff 
quantity  causing  d(»ath  in  a  short  time.  In  the  blood  it  unites  with 
the  n*(l  (•()rj)uscles  forming  carbontfl  hcemoglobin.  This  prevents  the 
absorjjtion  of  oxygen  and  brings  on  suffocation.  It  is  found  in  coal- 
mines after  explosions  of  nietliane,  and  in  illy  ventilated  rooms  in 
which  stoves  are  us<*<l  and  allowed  to  get  red-hot. 

Carbonyl  Compounds. — ( 'ar])on  monoxid  fomLs  no  acid,  but  as 
^  radical  «'ut<Ts  into  many  compounds  mostly  organic.  At  I0(f 
it  is  al>-<»rlM''l  by  potassium  hydroxitl  to  fonn  jwtassiuni  formate, 

jj  >('(),  from  wliich  is  o])tained  fonnic  acid,       '^>C0,  an 

vxainj>lr  of  orjranic  acids  which  contain  the  univalent  radical 
(COnll.i'  called  rnrhnxnL 

Carbonyl  Chlorid,  ('()(!,.  called  phosgene-gas,  is  forme<l  by  the 
auction  of  sunli'^lit  \i])on  a  mixture  of  carbon  monoxid  and  chlorin. 
It  L<  a  colorless,  siifTocatin«r  iras  which  is  decomposed  by  water: 
('()(% -u  IKC)  =  CO2  +  2Ha. 

Cirbonyl  Diamid,  Carbamid,  or  Urea,  CO(XH2)2,  is  the  most  impoi^ 
itjint  ^J.^lid  rxcn'tc*!  by  tlir  kidneys. 

Metallic  Carbonyls. — Carbon  monoxid  forms  with  certain  met- 
\\ls^>-i-uliar  comj)o\m<ls  called  rnrhnnjfls.  With  finely  di\nde<l  nickel 
i(  <riv!-  NWCO)^.  a  colctrless,  mohlK*  liquid  which  boils  at  43®  and 
has  s|HM-i(ic  ^^avity  1.80.  Iron  rarborn/I,  Fe(CO)^,is  a  pale  yellow 
li<iuiii  of  specific  gravity  1.47  which  boils  at  102.8®. 
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Dlustradonf. — To  show  how  carbon  monoxid  bums,  ignite  a  jar  of 
the  gas  or  a  jet  coming  from  the  generator* 

To  show  iU  action  with  clilorin,  fill  two  cylinders  with  the  ^mm^ 
place  them  moutli  to  mouth  and  mbc.  Expose  to  stinlight;  the  color 
of  the  chloriti  soon  disappears,  and  on  separating  the  cylinders  denie 
fimies  nppeur  of  HCl  formed  by  the  uctlon  of  moisture  upon  the  car- 
uyl  cUorid, 

*<f^        CARBON   DIOXID* 

Formula  COj.  Molecular  weight  44.  Density  22,  Liter  weighs  LW 
grams, 

Occurrence,^— Carbon  dioxid  is  a  varying  constituent  of  the  afc- 
mi36phere»  Ix^ing  continuously  produced  by  combustion,  respiration 
and  decay,  and  continuously  rcniuved  by  the  raJns^  by  the  aik&lies 
in  the  atmosphere,  and  by  plant  growth.  The  amount  varies  ivom 
0.03  |>er  cent  to  0.06  per  cent  by  volume  and  averages  about  0,IM 
per  cent,  or  4  parts  in  lU/KKJ  of  air.  It  comes  fnrm  the  earth 
through  fissures  and  collects  in  caves,  mines,  and  wells,  and  is  called 
damp.  The  Poison  Valley  in  Java  is  an  old  volcanic  crater 
i;  ket^ph  filled  with  the  gas-  The  Grotto  del  Cane,  near  Naples, 
from  fissures  in  the  floor  to  a  depth  of  2  to  3  feet,  so  that  ti  maa 
5tandii;|£  ereet  breather  the  purer  air  above  while  a  d<ig  \^  suffocated 
the  gaa  belt>w.  Liquid  carbon  dioxid  is  found  inclosed  in  cavities 
ci^^stab  of  certain  roeks»  especially  quartz. 
Carlmn  dioxid  is  foun*l  in  Bolntion  in  all  terrestrial  waters,  and 
some  springs  an<l  w'gIIs  are  so  heavily  chargetl  with  it  that  they  an* 
effervescent  and  have  an  acid  tast-e,  The.se  are  called  carbomd^ 
vxilrrs  and  gm>d  examples  are  seen  in  Sarat<^ga  Springs,  N.  Y.  It- 
is  carbiin  dioxid  which  holds  in  solution  certain  minerals  such  as. 
limest-one  and  iron. 

Combined,  carbtvn  dioxid  forms  the  native  carbonates  of  which 
[pies  are  limt*st4:>ne,  CaCC)^,  dolomite,  CaMgCCO^y^,  magnesite, 
witherite,  BaCO,,  and  siderite.  FeCO^. 
History. — Van  Helmont,  early  in  the  seventeenth  century^ 
r\'ed  that  the  gas  coming  from  burning  w^ogd  and  fermenting 
liquids  would  extinpnsh  fire,  and  called  it  gas  Bijlvpdre,  toood-qtm. 
In  1755.  Black  obtained  it  from  alkali  carN^nate*?  and  called  it  fr^ted 
air,  Lavoisier  proved  that  it  contained  carbon  and  oxygen,  and 
Palton  shf>wed  that  it  contained  tw*o  atoms  of  the  latter  to  one  of 
tlic  former.    It  was  liquefied  by  Faraday  and  solidified  by  Thilorier. 
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Preparation. — Carbon  dioxid  Ls  fonned — 

1.  By  complete  combustion  of  carbon,  either  free  or  in  its  oompouiids: 

C  -f  O,  =  CO,.    CH,  +  20,  =  2H,0  +  00,. 

2.  By  the  action  of  acids  upon  carlwnates: 

2HCI  -f  CaCO,  =  CaCl,  +  H,0  +  CO,. 

3.  By  respiration,  fermentation  of  sugar,  and  decay  of  organic  sub- 
stances: Sugar,  Cj,H„0,j  -f  H,0  =  4C0,  -f  4C,H,0,  alcohol. 

Carbon  dioxid  is  most  couvoniently  prepared  from  a  carbonate,  such 
as  marbles  or  soda,  by  the  action  of  dilute  hydrochloric  acid.  Bite  of 
marble,  chalk,  or  soda  are  placed  in  a  flask  and  the  acid  added  throu^ 
a  funnel  tube  as  required.  The  gas  is  collected  by  displacement  or  over 
water. 

Physical  Properties. — Carbon  dioxid  is  a  colorless  gas  with  a 
weak  acid  taste  and  a  faintly  pungent  odor.  It  is  heavier  than  air, 
having  a  si>eciric  gravity  1.527  and  density  22.  It  may  be  eoUected 
by  displacement  and  poured  from  one  vessel  to  another.  Watw 
dis^solves  it,s  own  volume  of  carbon  dioxid  at  14®  and  1.79  volumes 
at  0°.  Under  increasc^l  pressure  the  volume  dissolved  is  the  same, 
but  since  gas(\s  are  reduceii  in  volume  by  pressure,  the  quantity 
disfcJolviHl  increases  in  pr()|K)rtion  to  the  pressure.  When  the  press- 
ure is  HMuoviMl,  the  excess  of  the  gas  escapes  with  efTer\''cscence. 
This  action  is  familiar  in  soda-watei^s,  carbonated  waters^  and  cham- 
])a.i:ne,  all  of  which  have*  becMi  saturated  with  carbon  dioxid  under 
high  pr(\ssur(\  A  fr(\sh.ly  prepared  solution  gives  oflf  the  gas  more 
readily  than  one  which  lias  stood  for  a  long  time.  In  the  latter  case 
the  filrbon  dioxid  antl  watcT  seem  to  have  united  more  firmly  as 
carbonic  acid,  ll^COj. 

(^irl)on  dioxid  is  rather  easily  Uqueficd.  Its  critical  tempera- 
ture and  |)rossure  an^  :n°  and  75  atmospheres.  At  0"^  it  condenses 
under  .SS.f)  atmospher(\s.  It  forms  a  colorless,  mobile  liquid,  whose 
specific  gravity  changes  rapidly  with  change  of  temperature,  being 
0.92:5  at  0°,  O.SOS  at  10°,  and  0.7S2  at  20°.  If  the  liquid  inclosed  in 
a  sealed  tube  b(»  luxated  to  the  critical  temperature,  31°,  it  passes  to 
tlu^  gaseous  stat(\  the  sm-face  line  of  the  liquid  gradually  fading 
away.  On  cooling,  the  li(iui«l  reappears.  The  liquefied  gas  put  up 
in  strong  iron  cylinders  is  an  article  of  commerce. 

If  TKiuid  carbon  dioxid  be  allowcMl  to  escape  through  a  jet  into  a 
vessel,  the  tein|)erature  is  so  lowennl  by  its  sudden  expansion  and 
partial  evai)oration  that  it  becomes  a  snow-like  solid  which  melts 
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^    pressure  at  —  65^  and  bolls  under  atmospheric  pressure  at 
*3^,     The  solid  is  a  poor  conductor  of  heat  and  passes  slowly  to 
^  without  nielting»beeauije  the  tfasion  of  its  vapor  at  the  inelt- 
^i^^^^^->iiit|  —  05^^  is  3,5  atmo.'^pht.Tes,     Mbced  witli  other  and  evapti- 
^^^^  in  vacuo,  it  lowers  the  temperature  to  — 140°,    The  solid  may 
^*^^n<lled  without  hurt,  because  it  is  surrounded  by  a  layer  of 
"V^apor  which  pre\^ents  actual  contact  with  the  hand,  but  if  it 
t^'^^^ased  close  to  the  akin  it  produces  painful  burns* 
*      Chemical  Properties.— Carbon  dioxld  docs  not  burn,  since  it  is 
^a<|y  coinpletc'ly  oxi<lized;  and  it  does  not  support,  combustion 
use  of  the  vigor  with  which  it  holds  its  oxygen.     Air  containing 
I  '  cent  of  it  is  unfit  for  respiration,  and  air  containing  23  per  cent, 

[  .  oxygen  is  correspondingly  reduceiii  will  extinguish  Hame.    It 

f  '^  partially  decomposed  by  the  electric  spark.    In  contact  with 
^     '^  UIpib  at  a  high  t'einperature  it  lo8t»s  half  its  oxygen;  and  at 

.......  a  reacts  with  certain  metals,  as  potassium  and  inagnegium, 

yielding  tlie  carbonate  and  free  carbon,  K4  +  30O,=2Ka0Oa+C. 
It  unires  dire:ctly  to  water  to  form  carbonic  acid  and  to  oxids  and 
liydroxitb  to  form  carbonates.  Its  aqueous  solution  is  a  rather 
pow  t-rful  solvent  for  certain  minerals,  particularly  the  carbonat<*s 
of  calcium,  ma^^iesium,  ami  iron.  This  is  illustrated  in  chalybeate 
and  limestone  waters,  from  which  the  carbonates  are  precipitated  by 
boiling  off  the  free  carbon  dioxid. 

lllustratioa,— The  composition  of  carbon  dioxid  may  be  shoi^Ti  by 
burning  rarhon  in  a  vessel  of  oxygen  over  mercurj^  the  carhon  being  held 
in  a  platinum  boat  and  ignited  by  an  electric  current.  The  volume  of 
gm  after  combustion  is  the  same  m  before,  showing  that  a  molecule  of 
carlnm  dioxid  contains  a  molecule,  or  tw't*  atoms,  of  oxygen. 

Physiological  Properties.— Carbon  dioxid  is  not  poisonous. 
An  animal  breathing  it  is  suffocated  simply  from  want  of  oxygen. 
It  is  expired  from  the  lungs,  and  air  once  breatheil  is  not  fit  to  be 
brrathcd  again,  not  so  much  because  of  the  CO3  which  it  contains  as 
*  .11^  of  the  diminished  quantity  of  oxygen  and  the  presence  of 
lin  other  gases  and  vapors.  Taken  into  the  stomach  it  is  tonic 
aiifl  laxative. 

Tests.— The  common  testa  for  carbon  dioxid  are  its  tncombusti* 
bilit}^  and  the  precipitate  which  it  produces  with  lime  water. 

Uiet,— Carbon  dioxid  is  the  principal  food  of  plants,  being  the 
aowte  of  their  carbon,    It  is  absorbed  by  the  leaves  and  built  up 
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with  water,  through  the  agency  of  protoplasm  and  sunlight,  into 
starch,  which  is  transfonned  first  into  sugar  and  then  into  cellulose, 
the  main  constituent  of  the  plant  body.  The  solvent  action  of  water 
upon  rocks  and  soils  is  greatly  increased  by  the  presence  of  CO,.  In 
the  atmosphere  it  prevents  radiation  of  heat  from  the  earth ^s  sur- 
face and  acts  as  a  blanket  to  make  the  nights  and  winters  less  cold 
than  they  otherwise  would  be.  It  is  used  in  the  laboratory  in  many 
operations  wliere  an  inert  gas  is  desired,  and  in  the  liquid  and  solid 
state  for  the  production  of  cold. 

niustrations. — ^The  properties  of    carbon  dioxid  may  be  shown  by 

numerous  experiments: 

1.  Heaviness. — Pour  from  one  vessel  to  another.  Drop  a  soap-bub- 
ble into  a  jar  of  the  well-washed  gas;  it  floats.  Balance  a  beaker  on  a 
scale-pan  and  lill  it  with  COj.  Draw  from  a  tubulated  bottle,  like  water 
from  a  faucet. 

2.  jEffect  ui>on  combustion. — Lower  into  a  jar  of  the  gas  a  lighted 
taper.  Extinguish  a  candle-flame  by  pouring  the  gas  upon  it.  Lower 
into  a  jar  of  the  gas  a  piece  of  burning  magnesium  ribbon.  Fill  a  cylin- 
der over  water  with  air  from  the  lungs  and  test  with  flame.  Pass  CO, 
through  a  heated  tube  containing  a  bit  of  potassium.  The  potassium 
burns  and  carbon  is  deposited. 

3.  To  sliow  its  presonce. — Pass  through  lime-water  (a)  common  air, 
(h)  air  from  tho  lun^rs.  Hold  a  cylinder  over  a  flame  for  a  minute  and 
add  lim(j-wat(T.  Thr  linn^  is  first  precipitated,  but  if  the  passage  of 
the  gas  bo  continu(»d  is  rodissolvoil. 

4.  Solid  and  liquid  carbon  dioxid. — If  apparatus  for  condensing  the 
gas  is  nf>t  at  hand,  a  bottle  of  tho  liquid  may  be  purchased.  The  solid 
is  obtained  by  allowing:  tho  liquid  to  flow  out  into  a  cloth  bag,  from  which 
it  is  transforrod  to  a  wooden  or  })ai)er  box. 

To  show  tho  froezinfr  of  watcT,  jilaco  a  tin  vessel  upon  a  moistened 
surface  and  drop  into  it  a  small  quantity  of  the  solid  CO,.  The  vessel 
will  at  once  be  frozen  to  tlio  surface.  To  show  the  freezing  of  mercury 
place  a  few  ^rlobulos  in  a  dish  lined  with  paper  and  add  some  solid  CO, 
and  a  little  water-free  ether. 

CARBONIC   ACID  AND   CAKBOXATES. 

Carbon  dioxid  dissolves  in  water  to  form  weakly  acidic,  unstable 
HjCOj.^  Tho  solution  has  a  pleasant,  sour  taste,  is  completely  de- 
composed at  100°,  and  has  the  general  properties  of  the  dioxid. 

From  carbonic  acid  are  derivecl  normal,  acid,  pyro,  and  basic 
carbonates.  \Mien  carbon  dioxid  acts  upon  soluble  hydroxids 
the  carbonate  is  first  formed  and  then  the  hydrocarbonate.     For  ' 
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example ,  i^ith  lime  water  we  have  a  precipitate  of  calcium  car- 
bonate^ CaHjOg  +  OOj  ==  CaCOj  -f  H^O,  which  presently  di^p- 
pears  becauBe  of  thf;  formation  of  the  more  soluble  hydrncarbonate, 
CaClJ,  +  CO,  +  H.O  =  HjCaCCX)^),, 

Tho  alkali  carlxmateB  are  soluble  in  water  and  are  not  decom- 
pwed  by  hoat,  while  other  carbonates  are  mostly  insoluble  and  are 
dectMiipii??ed  at  high  temperature  with  liberation  of  CO3.  Most  car- 
bonates effervesce  with  acids* 

Normal  Ammonium  Carboaate,  (NH  J3CO3,,  is  obtained  by  pass- 
ing aniniimia  gu^  thrtiugh  i\  strong  solution  of  the  hydroearbonate* 
It  IB  a  white  crystalline  soliil  which  on  exposure  to  the  air  loses 
anmionia  and  parses  Ixaek  to  the  hydrocarbonate. 

Hydrogen  Ammonium  Carbonate  (Ammonliim  bicarbonate), 
HNH^CXJ,,  in  the  form  of  large  rhombic  crystals  is  obtained  by  pass- 
ing carbon  dioxid  through  a  solution  of  the  normal  salt.  This  and 
the  other  combine  to  form  the  so-called  ammonium  sesquicarbon- 
at«,  CNH,),CO,,2H{NH,)CO,,H30, 

Ammonium  Carbamate,      *  HJ^-^^'  ^   formed  when  dry 

ammonia  and  dr}^  carbon  dioxid  are  mixed*  It  is  as  if  a  hydroxy! 
of  carbonic  acid  had  iM^n  replaced  by  amidogen,  NH^. 

Commercial  Ammoaium  Carbonate  is  a  inbcture  of  hydrogen 
anufiofiium  carbonate  and  ammonium  carbamate-  It  is  a  white 
fibrous  solid  which  smells  strongly  of  ammonia.  The  carbamate  may 
be  dissf lived  out  with  alcohol,  or  may  be  converted  into  the  normal 
carbonate  by  treating  it  with  ammonia* 

COMPOUNDS  OF  CARBON   WtTH  SULFTTH, 

Carbon  forms  but  one  well-define<l  compound  with  sulf UTt  though 
others  liave  been  described.  From  this  compound,  which  is  CSj,  is 
formed  derivatives  similar  to  those  obtained  from  its  analogue,  CO^. 


CARBON  niSULFID. 

Fomitila  CSj,    Molecular  weight  76.     Density  38* 
History. — Carbon  disidfid  was  accidentally  discovered  by  Lam- 

pac^lius  in  1796  while  heating  pyrites  with  charcoaL    Its  compositioii 

WIS  asi^ertained  by  Vauquelin  in  1812* 

Preparation- — Carbon  disulfid  is  prepared  by  passing  sulfur 

vapor  over  red-hot  charcoal  and  condensbg  the  vapor  in  a  cooled 

receiver,  C  +  S,  =  CSj,     Thus  prepared  it  contains  sulfur  and 
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hydrogen  sulfid.  It  Ls  now  prepared  on  a  large  scale  in  a  special 
electric  furnace,  devised  by  Edward  R.  Taylor  of  Penn  Yan,  N.  Y., 
in  which  the  carbon  and  sulfur  are  brought  together  between 
carbon  electrodes. 

Physical  Properties. — Carbon  disulfid  is  a  colorless,  volatile, 
highly  refractive  li(iuid  of  specific  gra\Hty  1.292  at  0°.  It  boils  at 
46°  and  solidifies  at  —116°.  When  pure  it  has  a  peculiar  odor 
which  is  not  pleasant,  but  the  commercial  article  is  quite  offensive. 
It  is  ver}'  slightly  soluble  in  water,  but  gives  to  the  solution  its  odor 
and  taste.  It  mixes  with  alcohol,  ether,  and  benzene,  and  is  a 
powerful  solvent  for  many  substances  which  are  insoluble  in  water, 
such  as  sidfur,  phosphoras,  bromin,  iodin,  rubber,  and  fats..  It  is 
used  in  extracting  essential  oils  and  as  a  solvent  for  rubber.  The 
latter  solution  is  employed  as  a  cement  for  leather. 

Chemical  Properties. — Carbon  disulfid  ignites  at  the  very  low 
temperature  of  120°  and  bums  \vith  a  pale-blue  flame  to  carbon 
dioxid  and  sulfurous  oxid.  Burning  in  oxygen  it  emits  a  brilliant 
bluish-white  light.  It  dissociates  at  a  bright-red  heat.  In  contact 
with  heated  metals  it  is  decomposed,  yielding  the  sulfid  of  the  metal 
and  free  carbon :  CS,  +  Zuj  =  2ZnS  +  C.  Its  heat  of  formation 
is  —  26,00()  calories,  and  its  heat  of  combustion  265,130  calories. 

Physiological  Properties.— C^arbon  disulfid  is  an  active  poison, 
the  viipor  prochiciiif!^  d(^atli  when  breathed  in  considerable  quantity, 
and  air  containing:  a  fsmall  amount  works  injury  to  the  nervous 
system  whcMi  continuously  breathed.  It  is  a  bactericide  and  stops 
fermentation. 

Carbon  Oxysulfid,  COS,  is  obtained  ])y  heating  CO3  with  sul- 
fur vapor,  or  l)y  the  action  of  acids  upon  tliiocyanates: 

2KCNS  -tH^SO,  +21120  -  K2SO4  4-2XHs  +2  COS. 

It  is  a  colorless,  bad-srnolling  gas  which  liquefies  at  0°  under  12.") 
atmospheres.  It  dissolves  in  water  volume  to  volume  and  ihe 
solution  slowly  decomposes,  COS  H-HjO^COj +  Hj,S.  In  alkali:n» 
solution  the  (lcc(;inposition   is  rapid,  COS+4KHO  =  K2C03-f K^ 

+  2IT,0. 

THIOCARRONIC   ACID   AXD   THIOCARBONATES. 

Thiocarbonic  Acid,  IT.,CS3,is  obtained  by  decomposition  of  thio- 
carboiiatcs  with  liydrochloric  acid.  It  is  an  unstable  yellow  liquid 
with  a  vcrv  offensive  odor. 
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Ttiiocajbonates  art*  formed  by  the  direct  imloti  of  metallic  sul' 
fids  with  carbon  disulfid;  CS,  +  Kj^  =  I^CSj;  or  by  the  action  of 
rbotidisulfid  upon  hydroxids: 

3CHj  +  tilvliO  -  KX'Os  +  3HjO  +  21^0^3. 
Tliiocarbonates  are  all  unstable  and  are  deeomposed  by  heat- 
Tho^e  of  the  alkali  and  earth  metals  are  soluble  iii  water 

AnuncMiiuiu  T^hiocarbonate,  (XlijjCS,^  i^  a  yellow  crystalline  solid 
obuiOR'd  by  the  action  of  aJcoholic  ammonia  upon  carbon  disulfide 


aiKBUN  AND   NITROGilN. 

Though  carbon  and  nitrogen  have  but  little  mutual  afRnity, 
they  enter  together  into  the  eomixjsition  of  many  suljstanees,  partie- 
ylarly  the  rutnygf*nous  organi*"  (Himpnuntls,  Wtieii  these  are  heatrccl 
with  |iutah!?ium  hydroxid,  Uie  couipuunti  KCN,  called  potassium 
Ifaiiid^  is  formed.  In  tiuss  conipound  the  postassium  unites  to  the 
^valent  radieal,  (CN)',  in  whinh  the  nitrogen  is  triply  united, 
iving  one  free  pohit  to  the  carbon  atom,  N  =  (>-.  This  radical  is 
cdleri  q/anofjen,  from  a  Greek  word  which  means  hlu€j  referring  to 
'  olor  of  one  of  its  important  eompoimds,  Prussian  blue.  It  is  a 
.,  it i vc*  radical  closely  relateil  in  chemical  proi>ert les  txj  the  halogens 
and  forming  sriniilar  compounds.  It  is  sometimes  represented  by 
the  symbol  Cy, 

CYANOGEN   GAS, 

Formula  C^Nj*  MolecuJar  weight  52,  Density  26*  Liter  weighs 
2.33  pjanis. 

History .^^'yanoeen  was  the  first  compound  radical  isolated  and 
Its  dlscoverj'  made  a  new  era  in  chemistry.  Its  compounds  had 
b<*en  investigatpfl  by  Scht*ele  in  1782  and  by  Berthollet  in  1787, 
but  Cay  Lusf^ae  ill&covered  the  radical  in  1811  and  obtained  free 
cyanogen  in  1815, 

Preparation.— CH'anogen  is  liberated  in  various  chemical  reac- 
yons*  but  it  i^^  most  conveniently  prepared  by  heating  the  cyanid  of 
erfiiry.  silve5r,  or  gold.  Hi£(CN)3  =  Hg  +  Cs^N^:   or  by  strongly 
healing  a  mixture  of  mercuric  chlorid  and  dry  potassium  ferrocyanid. 
It  is  foniied  Ity  direct  tmion  when  the  elements  are  brought 
gether  at  high-  temperature^  as  in  the  electric  arc  and  blasts 

Physical  Properties. — ( Vanogeu  is  a  colorless  gas  with  a  pun- 
tnt  otlor  resembling  that  of  jieach  kernels.    Water  dissolves  4 
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volumes  and  alcohol  23  volumes  of  the  gas.  At  —  M.T*  it  becomes 
a  colorless  lic[uiJ  of  specific  graWty  0.866,  and  at  a  lower  tempera- 
ture it  becomes  a  crystalline  solid  which  melts  at  —34.4®.  Its  criti- 
cal temperature  and  pressure  are  124°  and  61.7  atmospheres. 

Chemical  Properties. — The  flame  of  burning  cyanogen  has  a 
peach-blossom  color  and  the  products  of  the  combustion  are  CO, 
and  nitrogen.  Chemicallj'  it  is  closely  related  to  the  halogens  and 
forms  similar  compounds.  It  miites  directly  to  the  alkali  metals  to 
form  cyanids.  It  and  its  compounds  have  a  tendency  to  polymerize, 
several  radicals  combining  into  one  mblecule. 

Cyanogen  and  all  its  compounds  are  violent  poisons. 

Paracyanogen,  (CX)x. — In  the  preparation  of  cyanogen  from 
mercuric  cyanid,  a  brown  substance  is  left  in  the  tube.  This  is 
found  to  bo  a  polymer  of  cyanogen.  When  strongly  heated  it  dis- 
sociates. 

niustrations. — A  ver>'  simple  exjwriment  will  illustrate  the  prepara- 
tion and  proixTties  of  cyanogen.  Place  one  gram  of  mercuric  cyanid 
in  a  tcst-tulx'  and  heat  it.  When  the  gas  begins  to  come  off  light  it  at 
the  mouth  of  th(»  tube.  Note  the  color  of  the  flame.  The  brown  residue 
in  the  tube  is  panicyanogon.  Care  must  be  taken  not  to  inliale  the  gas, 
as  it  is  a  di^adly  i>()ison. 

Tests.— (Vane )<i:en  and  all  its  soluble  compounds  give  with  a 
niixtiirc  of  ferrous  and  ferric  salts  a  precipitate  of  Prussian  blue. 

(  VAXOGEX    COMPOUNDS. 

Tho  fyaiiofren  radical  is  both  positive  and  negative.  It  forms 
halids,  cyanids,  cyanatos,  and  thioeyanates,  and  is  a  constituent 
of  many  (•onii)lex  compounds  both  organic  and  inorganic. 

IIYDKOdKX    CYAXII),    IIYDKOCYAXIC   ACID,    OR    PRUSSIC   ACID. 

Formula  TICX.     Molecular  weight  27.     Density  13.5. 

History  and  Occurrence. — Hydrocyanic  acid  was  discovered  by 
ScJKM'le  in  17S2.  It  occurs  free  in  all  parts  of  the  Java  tree,  and  its 
salts  an^  fouii<l  in  many  plants,  such  as  the  cherry,  peach,  laureUand 
almond. 

Preparation. — Tlydrogon  cyanid  is  formed  by  the  action  of  acids 
upon  cyanids:  2KrX  +  H,sd,  =  2HCN  -f  ICSO,. 

In  tlu^  laboratory  it  is  ccmveniently  obtained  by  heatinx 
together  in  a  flask  a  mixture  of  14  parts  of  water  and  7  parts  of 
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sulfuric  acid  wnth  10  parta  of  potassium  ferrocyanid.  The  gaa  m 
condt*nsed  in  a  cold  tube  or  conducted  into  water  to  form  the  solu- 
tion.    The  reaction  is 

2K,Fo(CNl,  +  3H2SO,  =  3II2SO,  +K,Fe3(CN)«  +  6HCN- 

Physical  Propertie8*^Hydrogen  cyanid  is  a  colorless  volatile 
liquid  with  specifie  gra\nty  0.7.  It  ha^  the  odor  of  bitter  almonds, 
buib  at  20.5^,  and  fomus  a  crystalhrie  solid  which  melt«  at  — 15°,  It 
mixes  in  all  proportions  with  water,  alcohol,  and  ether.  The  aque- 
ous ijolution  is  the  hi^drocyanic  or  prus^ic  acid  of  coraraerce*  It 
slowly  fiecom poses. 

Chemical  Properties-— Hydrocyanic  acid  is  w^eak  and  slightly 
dl^oeiat^'d.  The  coiorless  cyanid  ion  CN'  is  very  active  and 
forut*^  cuiiipoimik  similar  to  those  of  the  Imlogenfl.  It  pi'ecipitates 
silver  from  its  solutions  as  silver  eyanid.  Its  heat  of  formation 
ia  -34,000  cal. 

Hydrocyanic  acid  is  one  of  the  most  violent  of  poisons,  A  single 
drop  upon  the  tongue  will  cause  death  in  a  few  seconds.  SmaDer 
quantities  protluce  headache,  vertigo,  and  dyspnc^a.  It  is  a  con- 
stituent of  several  medicinal  preparations,  such  as  laurel  water  and 
bitter-ahnond  water. 

Cyanids* — The  cyanids  are  unstable,  being  readily  decomposed 
even  by  weak  acitb,  such  as  carbonic  acid.  They  therefore  ^mell 
of  hydnigen  eyanid  and  many  of  them  have  an  alkaline  reaction. 
Till?  eyanids  of  the  alkalis  and  alkali-earth  metals  are  soluble  in 
v%iiU'ra!td  are  m  poisontmis  as  hydrocyanic  acid;  the  others,  except 
HgCCN),,  are  insolulile  in  water,  but  dissolve  in  the  alkali  cyanids 
to  form  double  sah^:  asAgCN.KCN. 

Ammonium  cyanid,  NH^CN,  is  formed  by  the  direct  union  of 
hyrh^ogen  cyanid  and  anunonia.  It  crystalhzes  in  colorless  cubeS| 
sublimes  with  partial  dissociation  at  40°,  and  is  a  violent  poison, 

CYANIC   AKD  THIOCYAXIC   ACTDS. 

Cyanogen  as  a  negative  radical  forms  acids  with  oxygen  and 
sulfur.  * 

Cyanic  Acid,  MONO,  or  H—0— C  =  >r.  is  a  colorless  liquid  ob- 
tained by  Ileal itjg  itB  polymer,  Cyanuric  Acid,  HjC^NjOat  and  con- 
derij^ing  the  vapor  with  the  help  of  a  freeKing  mixture.  Its  salts, 
the  <  are  formed  when  cyanogen  gas  is  conducted  into  an 

alkal'  Hi: 

CjN,  4-  2KH0  =  H,0  +  KCN  +  KCNO. 
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Thiocyanic  Acid,  HCNS,  or  H— S— C = N,  is  a  colorless  liquid  ob- 
tained by  action  of  dry  hydrogen  sulfid  upon  mercuric  thiocyanate: 
Hg(CNS),  +  HjS  =  HgS  -f  2HCNS. 

The  thiocyancUes  are  formed  by  the  direct  action  of  sulfur  upon 
the  cyanids.  Thus  potassium  thiocyanate  is  obtained  by  heating 
together  potassium  cyanid  and  sulfur:  KCN  +  S  =  KCNS. 

Ci'ANOGEX    HALIDS. 

Cyanogen  acts  as  a  positive  radical  in  uniting  to  various  n^ative 
elements  and  radical^.    The  simple  halids  arc  as  follows: 

Cyanogen  clilorid,  CNCl,  a  colorless  liquid. 

Cyanogen  bromid,  CNBr,  a  colorless  liquid. 

Cyanogen  iodid,  CNI,  a  crj'stalline  solid. 

These  three  compounds  are  ver}'  poisonous,  have  a  pungent  odor, 
and  emit  a  vapor  which  painfully  affects  the  eyes. 

SILICON. 

Symbol  Si.  Atomic  weight  28.  Valence  IV.  Specific  gravity  2.15 
to  2.49.     Melting-point  1500°. 

Occurrence. — Silicon  does  not  occur  free.  Combined  it  is  the 
most  abundant  (Jeniont  after  oxygen.  Its  most  important  com- 
pound is  the  oxid,  SiOj,  which  assumes  a  variety  of  forms:  as 
quartz,  flint,  sand,  jasper,  apate,  chalcedony,  and  chert.  Silicates 
are  conipk^x  conij^ouncls  of  silicic  oxid  with  various  bases:  as 
sodium,  potassinni,  ma<j:nosiuni,  calcium,  iron,  aluminum,  etc. 
Examples  are  feldspar,  hornblond,  pyroxene,  mica,  talc,  and  clay. 
At  least  one  fourth  j)art  of  the  surface  rocks  is  silicon. 

History. — Silicon  was  first  isolated  by  Berzelius  in  1810  by  fus- 
ing: to<roth(T  iron,  carbon,  and  quartz.  The  name  is  from  the  Latin 
si '■ex,  jJinf. 

Preparation. — Amorphous  silicon  may  be  prepared — 

1.  By  li('atin<c  potassium  fluosilicato  with  potassium  or  sodium: 

ISSiF«  4-  4K  =  ()KF  4-  Si. 
Tho  potassium  fluorid  is  dissolvod  away  with  water. 

2.  By  passiufjc  siliccm  fluorid  over  rod-hot  sodium: 

SiF,  -\-  4Xa  -^  4XaF  +  Si.  , 

3.  By  heatinp:  an  intimate*  mixture  of  ma<j:nesium  and  quartz: 

'JM^  -f  SiO,  =  'iMffO  +  Si. 
Tho  ma.srncNiiim  oxid  is  dissolvod  away  with  dilute  acid. 
Crystallized  silicon  is  obtained — ■ 
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1-  By  passing  vajior  of  silicon  cWorid  ovnr  aluminum  melted  in  an 
aospbere   of   hydrog^^n:   StsiCl,  -f  4^^  =  2A1/1^,  +  3Si,    The   aliimi- 
Lim  elilorifl  ia  t'iirriecl  away  as  vapor  iind  the  silicon  remiiins  as  nectlle- 
sha|>ed  cry  stub. 

2.  By  dlsiicjlving  ajnorphoua  silicon  in  melted  tin^^^  and  after  oooiing^ 
dis^l\ingi  the  ^inc  away  with  hydrochhiri«i  aoid. 

Physical  Properties.— Silieon  presents  two  alio  tropic  fonas,  one 
amorphous  and  the  oth^r  crystalline. 

Amorphous  silicon  is  a  broi^Ti  powder  of  specific  gr^'ity  2  J  5. 
( m  insoluble  Lri  water  and  all  the  aritk  except  hyilrofluoric.  When 
ii?ated  in  the  air  it  becomes  denser  anfl  grapliitic  in  appearaiice^  and 
this  hiis  been  tleserilKHil  aj^  a  third  allotnipie  fornu 

Cn'stalline    ^ilicoti  forms  steel-gray  modified  rhombic  octalie- 
of  specific  gravity  2.34  to  2.4D,  anrl  hard  enougfi  t4>  scratcb 
It  m  tnsohihle  in  water  and  aeids  except  a  inixUire  of  nitric 
atnl  hyfliofhioric  acids. 

Chemical  Properties,— Silieon  burns  in  air  or  oxj'gen  to  SiOj^ 
but  not  completely,  si j ice  the  coating  of  oxi'1  forinetl  stops  the 
conibuBtion.  It  bimis  abso  in  fluorln  and  ehlorin.  it  dissolves  in 
ydrofluoric  acid  to  form  ttuosliicic  acid,  HySiF^,  and  in  soiiium  or 
>ta;s?ium  hydroxid  to  form  tite  silicate  K^SiU^  or  Na^8iOa,  with 
ation  of  hydrogen  in  both  cases. 

COMPOUNDS  OF  BlttCON. 

Silieon  m  wholly  acidic,  and  its  onl}^  valf^nee  is  four.  It  is  qtiite 
ctivc  and  forms  numerous  compotinds,  most  of  which  are  very 
luble.  It  does  not  unite  atom  to  atom  like  carbon,  but  links  %nth 
Itrnmte  atonis  of  oxygen  to  form  molectdc^s  c»f  great  complexity, 

Formtila   U^u    ^hilectilar  wetglit   32.     Density    16.     Liter  weighs 

History  and  Preparation.— nydro^en  silreid  was  discovered  by 
jTjff  nofi  Woehirr  in  1.^57.     It  is  most  convpuienlly  prepared  by  the 
ction  of  hydrochloric  acid  upon  ma^esium  silicid: 
Mg,?^i  +  4Hf1  =  2MgCI,  +  H,Si. 
Thf*  mfi^esirim  f^ilif^id  is  placed  in  n  bottle  completely  fiJled  with 
atiT  m\t\  provided  with  a  funnel  tube  winch  reaches  to  the  bottom, 
ttd  «  vvicie  flfhvtTv-tube  whjc4i  rlips  in  a  vessel  of  water.    The  acid  m 
[>urtMi  through  the  funnt4  iulie.     As  the  bubbles  of  gas  escape  tliey 
ke  fire  with  alight  explosion,  making  rings  of  silicic  oxid* 
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Properties. — ^Hydrogen  silicid  is  a  colorless  gas  which  takes  fire 
spontaneously  when  gently  warmed,  or  when  mixed  with  hydro- 
gen, or  in  contact  with  chlorin. 

The  compound  SijH^  has  been  prepared  by  Moissan.  It  is  a 
liquid  which  boils  at  52°  and  is  solid  at  —138**. 

Silicids. — Many  of  the  metals  unite  to  silicon  when  heated 
with  it  in  the  electric  furnace.  Some  of  the  silicids  are  CSi,  F^i, 
MujSi,  Ni^Si,  Cu,Si,  PtjSi,  etc. 

HALIDS  OF  SILICON. 

Silicon  forms  two  series  of  compounds  with  the  halogens; 

Tetrahalids,     SiF^       SiQ^        SiBr^     Sil^. 

Hexahalids,      SijFe      SijCU       SiaBr«    SiJ[,. 
Silicon  fluorid,  SiF^,  is  obtained — 

1.  By  direct  union  of  the  elements. 

2.  By  the  action  of  sulfuric  acid  upon  a  mixture  of  calcium  fluorid 
and  siHcic  oxid:  2H^0,  H-  2CaF,  H-  SiO,  =  2CaS04  +  2H,0  +  SiF,. 
An  excess  of  sulfuric  acid  must  be  present  to  absorb  the  water  pfo- 
duced.    The  gas  may  be  collected  over  mercury. 

The  mixture  is  placed  in  a  test-tube  or  small  flask  furnished  witk 
a  wide  delivety-tube,  which  clips  under  mercury  covered  with  water. 
The  mercury  is  to  prevent  the  stoi)ping  of  the  tube  with  silicic  acid. 
As  the  bubbles  of  gas  come  in  contact  with  the  water,  decomposition 
takes  place,  resulting  in  the  formation  of  silicic  and  fluosilicic  acids, 
the  first  of  whic^h  ai)pears  as  a  gelatinous  precipitate,  while  the  seocmd 
goes  into  solution.     The  reaction  is: 

3SiF,  +  Mlf)  =  2H2SiF,  +  H.SiO,. 
Silicon  fluorid  is  a  colorless  gas  with  a  pungent  odor.     It  lique- 
fies at  - 100"  aiul  solidifies  at  -140°. 

H— F  =  Fv       /F 
Fluosilicic  acid,  H^SiFg,  or  \Si<  I!,  is  formed  by  the 

H— F  =  F^      \F 
action  of  water  upon  silicon  fluorid,  as  indicated  above.    It  is  known 
only  in  solution,  as  it  dissociates  when  evaporated.     It  is  dibasic, 
dissolves  metals,  and  forms  salts.     Tlie  10  per  cent  solution  has 
specific  gravity  1  .OS :  5  per  cent  1.04. 

Fluosilicates. — The  fluosilicates  arc  generally  soluble  in  water. 
Tliose  diflicultly  soluble  are  the  fluosilicates  of  sodium,  potassium, 
lithium,  barium,  calcium,  and  ^-ttrium.  The  strontium  salt  is  solu- 
ble, and  so  the  acid  is  used  to  separate  barium  from  strontium. 
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StUcon  EexKauodd  (Trifluorid),  Si^Fiy  m  a  white  powder  obtained  hy 
^ttsetng  sQicoti  duorid  over  heated  silicon. 

Sllkoa  Chlodd,  SiQ^t  ^  obtained  by  direct  union  of  the  elements^ 
bfjr  hffttifjg  a  mixture  of  caxbon  and  Bilieic  oxid  iu  a  stream  of  ebloriu; 

SiO,  +  2C  +2CI5  -  2C0  +  Bid,, 

t  is  a  colorless  fuming  liquid  of  speeifie  gravity  1.52  and  boHing-potnt 
2*,  It  is  decomposed  by  water  itito  hydroehJoric  and  silicic  acids* 
Silicon  Heiachlorid  (Trichl&rid),  Si^Qa,  is  obta'med  by  piiasing  SiCl^ 
*ver  strongly  heated  silicon,  or  by  gently  beating  silicon  hexaiodid  witii 
tnerciiric  chlorid.  It  is  a  colorless^  fuming,  inflammable  liquid  of  spe- 
cific gravity  1*5S|  melting-point  —  1°,  and  boiling-j3oint  146**. 

Trichlor-hydrogen  Silicid  (Silicon  cUorofonn)j  SiHO,,  is  a  colorlesg, 
fuming,  inflammable  Uquid  whicli  boili^  at  36^.  It  is  obtained  by  heat* 
ling  silicon  in  a  current  of  dry  hydrogen  cMorid* 

Siliecm    O^cblorid,  SijOClj,  is  a  colorles^i  fuming  liquid  formed  by 
he  action  of  silicon  chlorid  upon  felspar.-  It  boils  at  137°  and  is  de- 
^ompoied  by  water. 

Silicim  Bromid,  SiBr^,  is  obtained  by  leading  bromin  over  a  heated 
pibcture  of  carbon  and  silicic  oxid*  It  is  a  colorless  liquid  of  specific 
gravity  2.8*  It  boils  at  154°  and  solidifles  at  13"^,  It  is  decomposed 
by  water  into  hydrobromic  and  silicic  acids. 

Silicon  Hexabronud,  SijBr^^  is  obtaine<l  by  treating  silicon  bexaiodid 
Iwith  bromin  in  the  presence  of  carbon  disulfide  It  is  a  crystalline  solid 
Which  distils  at  2Mf, 

III  Stlteon  Brom-trichlond,  BiBrCl,,  is  formed  by  the  action  of  bromin 
bpon  silicon  chlorid  at  100^*  It  is  a  colorless  liquid  %vhich  boils  at  80*. 
Silicoa  lodid,  Sil^,  is  formed  by  direct  union  of  the  element^s,  or 
iiv  leading  a  stream  of  iodin  vapor  and  carbon  dioxid  over  heated  sili* 
^o.  It  forms  colorless  cr>'stals  which  melt  at  120.5""  and  boil  at  290*, 
Jt  bums  in  the  air  and  is  decomposed  by  water  into  hydriodic  and  silicio 
ld«. 

licon  Heiaiodid,  SiJ^,  is  formed  by  heating  to  2^^"  a  mixture  of 
n  iodid  and  finely  divided  silicon.    It  ts  a  fuming,  cryst-alline  solid 
ffjfch  is  decomix>?«ed  by  water. 

trl-lodd  Hydiogtn  Silicid  (Silicon  todofonn\  BxR\,  is  obtained  by 
Og  hydrogen  and   hydrogen  iodid   over  heated   silicon.     It  is  a 
less  mobile  Uquid  which  bolls  at  220°  and  has  a  specific  gravity  3*30. 
srLicic  oxm  (stltca). 
brmiifa  BiOj.    Molecular  weight  60*    Specific  gravity  2,2  to  2.6» 
-Silicon  forms  but  the  one  oxid,  SiO,,  commonly  called  ^im. 
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This  and  its  comiK>und3,  the  silicates^  make  up  the  greater  portion 
of  terrestrial  rocks. 

Preparation,^ — AjT^orphoiis  silicic  oxitl  is  obtained  by  buramg 
silicon,  ur  by  iguitiiig  silicic  aeid: 

Si+0,=SiOj.    HjSiOt-HjO+SiOj. 

Crystallized  silicic  oxid  is  obtained  by  cooling  a  hot  solution  of 
an  acid  silicate.  When  aii  alkaline  silicate  solution  is  heated  b  a 
closed  glass  tube,  the  glass  is  dissolved  and  on  coolings  the  silicic 
oxid  is  deposital  hi  minute  crystals,  quartz  when  the  temperature 
is  above  180^  and  tridyniite  when  it  is  below  this.  In  some  mt\i 
way  it  is  probable  that  native  Cjuartz  has  been  fonned. 

Physical  Properties^^Bilicic  oxid  presents  three  forms:  crys- 
talline, crypt Cicrystalline  or  compact,  and  amorphous. 

L  CnfstaUhu;  vanetits. — Crj^stalline  silicic  oxid  is  dimorphous  in 
two  closely  related  forms,  quartz  and  tridyinite. 

a.  Quartz  commonly  occurs  in  hexagonal  prisms,  surmounted  by 
hexagonal  pwamids.  The  prisms  are  of  two  kinds,  scarcely  clistin- 
giiishable  by  the  eye,  differing  in  that  the  one  turns  the  plaue  of 
polarization  to  the  right  and  the  other  to  the  left  when  polarized 
light  is  passed  parallel  to  the  vertical  axis.  The  first  is  calletl  riglit- 
handed  or  positive,  and  the  second  left-handed  or  negative  cr>"stak 
Pure  quartz  is  colorless  and  transparent,  and  when  cut  and  polishrd 
m  second  in  brilliancy  only  to  the  diamond.  It  is  there/ore  used  ad 
a  gem  under  various  names,  as  Califomui  diamoml^t  ColortjdG 
diamo7\ds,  and  Rhinestmcs.  It  is  also  nsrd  for  fine  lenses  for  optical 
instnimenis  and  spectacles,  and  is  called  pebble  glms.  It  is  harxier 
than  glass  and  is  infusible  before  the  blow7»ipe,  but  melts  in  the  oxy- 
hydrogen  flame  and  may  be  drawn  ont  into  \'or\'  fine  threads.  It  is 
insoluble  in  w^ater  and  is  one  of  the  most  stable  and  imchangeablc  d 
all  native  substances.  It  has  specific  gravity  about  23  anti  pre- 
sents several  varieties,  due  to  the  presence  of  impurities  and  coloring 
matters.  * 

Qnartse  cryatal,  colorless  and  transparent- 
Smoky  quartz,  smoky,  with  dark  and  gray  colors. 
Rose  quartz,  compact  and  rosy  in  color. 
Amethyst,  colored  a  beautiful  purple. 
Milky  quartz^  milky  in  appearance  and  more  or  less  opaque. 

fe.  Tridymite  is  found  m  various  rocks,  particularl}!^ tradings. 


1 
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It  funiisf  liexiigoiiai  tablets  and  one-sided  tifvin  t*r}^tals 
hardness  of  quarts,  but  specifit*  gravity  only  2.3, 

2.  CnjptocnjsUiUme  varieties^ — These  have  a  ws^xy  hister,  a  con- 

Icoidal  fractui'c»,  the  hardness  of  quartz,  and  a  specific  gravity  2.3. 
They  are  getif*raUy  hydrous,  containing  varying  quantities  of  wau*r. 
They  are  opaque  and  vary  in  c*>lor  from  wliite  tbrotigh  greens  and 
ll   reels  to  black.    The  principal  varieties  are: 


Chalcedony  J  white,  gray,  brown  to  black* 

Cornelian ^  red  or  bro^'m. 

Prase  aad  chryijopriisie,  green. 

Agat^%  a  variegated  chalcedony, 

Mnss  agate,  ftlled  with  mosey,  dendritic  forme, 

OnyXf  agate,  wiUi  layers  of  different  colors, 

Sardonjnt,  hke  onyx,  but  with  layers  of  csrnelian- 

Jasper,  impure,  ajjftquo,  and  variously  colored^ 

Flint,  eon  I  poet  antl  in  duU  coifjrs. 

llont^Ume,  more  lutttlc  and  not  so  ecmipact  as  Hint;  called  t^ho  chert.. 

Lydian  «tono,  or  touchstone,  a  black,  velvety  ja*spcr  used  for  try- 
ing precious  metals,  the  color  nf  tl>e  mark  on  the  stone  indicating  the 
amount  of  alloy. 

3.  Ammpkous  ^rVtV/n,— Artiiieially  prepared,  this  is  a  soft  white 
powdf*r  ijf  speeific  j^p-avity  2.2.  To  this  variety  nmy  also  he  referred 
the  sihcious  sinter  deposited  from  solution  in  water  and  silica  which 
is  of  vegetal  lie  and  animal  origin,  examples  of  which  are  the  flint 
nodules  in  chalk  which  are  com|K)sed  of  shells  and  spicules  of  Radio- 
Inri.mK,  and  duitomncitmis  ar  infumrml  earth j  which  is  frmml  in  large 
lie  posit  J?  in  various  eouiitriei?,  especially  in  Germany,  where  it  is 
called  kkseltjukr.  The  last  is  used  as  a  [polishing  powder  and  the 
absorWrnt  with  which  nitrftglycerin  is  mixed  to  make  dynamite. 

Opal  is  a  compact  amoqjhous  silicic  oxid,  a  little  softer  than 
quaiis^  and  more  easily  attacked  by  hytlrofluoric  acid,  and  usually 
hydroufi.  It  i^  of  all  colors,  red,  yellow,  bhie,  green,  and  hrown 
I)red(jminating.  It  exhibits  a  rich  peculiar  iridescent  play  of  colors 
known  as  opatc^ceme.     Some  of  the  pHucipal  fonns  are: 

Precious  opal,  pure  in  color  and  opaloscence  and  a  beantiftil  gem, 
Pire  opal,  hyacmt han  rc<l  or  honey  yellow  with  fiery  reflections. 
Common  opul.  trans!  uf out,  white,  biue,  yellow,  green,  or  red. 
Wooil  opal,  wood  petrified  as  opal. 
Floutstonp,  80  light  and  spongy  m  to  float  on  water. 
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Chemical  Properties.— Silicic  oxid  is  very  stable,  and  is  not 
affected  by  air  or  water.  It  dissolves  in  alkalis  to  form  alkaline  dli- 
cates,  and  in  this  fonn  is  found  in  many  hot  waters.  On  exposure 
to  air  these  waters  deposit  it  as  a  white  amorphous  sinter.  Such 
deposits  are  abundant  in  the  vicinity  of  hot  springs  and  geysers. 
When  fused  witli  alkaline  carbonates,  it  forms  soluble  silicates 
called  water-glass:  SiO,  -f  2NaaC0,  =  2C0,  +  Na^SiO^.  Its  heat 
of  formation  is  219,240  calories. 

SILICIC  ACIDS. 

Silicic  oxid  is  insoluble  in  water,  but  by  indirect  methods  a  series 
of  acids  is  formed  wliich  as  a  rule  cannot  be  isolated,  but  are  well 
repregented  in  their  salts,  the  silicatos. 

Orthosilicic  Acid,  1148104.— When  hydrochloric  acid  is  added  to 
a  dilute  solution  of  an  alkaline  silicate,  silicic  acid  is  formed,  but 
remains  in  solution: 

Na^SiOa  +  2HC1  -h  HjO  =  2Naa  -h  H^SiO^. 

The  silicic  acid  is  not  in  true  solution,  but  is  in  the  colloidal  state 
and  may  Ix*  separated  from  the  sodium  chlorid  and  excess  of  hydro- 
chloric acid  by  dialysis.  The  sohition  is  placed  in  a  dial)''zer  (made 
by  stretching  a  piocc  of  parchment  or  parchment  paper  over  one  .nd 
of  a  hoop  or  short  cylinder),  and  this  is  floated  upon  the  surface 
of  pure  water.  The  salt  and  hydrochloric  acid  diffuse  through  into 
the  water,  while  the  silicic  acid  i^emains  in  the  dialyzer.  By  renew- 
ing the  water  a  few  times  a  pure  solution  of  sihcic  acid  is  obtained. 
This  may  be  concentrated  over  sulfuric  acid  until  it  contains  21  per 
cent  of  ll^SiO^.     It  is  a  tasteless  liciuid  with  a  faintly  acid  reaction. 

Metasilicic  Acid,  HoSiOg.— If  the  solution  of  dialyzed  silicic  acid 
be  further  evaporated  or  allowed  to  stand  for  some  time,  it  passes  to 
a  j(41y-like  mass  which  is  not  soluble  in  water.  When  this  is  dried 
it  has  api)r()ximately  th(»  compositi(^n  HjSiC.),.  When  it  is  heated  it 
los(*s  wat(T  and  becomes  amorphous  silicic  oxid.  When  hydro- 
chloric acid  is  added  to  a  strong  solution  of  an  alkaline  silicate,  a 
gelatinous  precipitate  falls  which  is  probal.^ly  metasilicic  acid. 

Disilicic  Acids. — By  taking  water  from  two  molecules  of  ortho- 
silicic  acid,  the  series  is  obtained  called  disilicic  acids : 

2114810,  —  IIoO  =  Hj,Si207,  Hexabasic  disilicic  acid. 
2Il4Si(\  -  2H2O  =  H^SioOo,  Tetrabasic  disilicic  acid. 
211, SiO,  -  SHoO  =  HoSijOj,  Dibasic  disilicic  acid. 
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Trisilicic  Acids. — In  the  same  manner,  by  taking  water  from 
three  molecules  we  have  the  tridlidc  adds,  U^f^ijOn;  HgSiaO,o; 

H^iA;  H.siA;  H,si,o,. 

Among  the  silicates  there  are  derivatives  of  still  more  complin 
cated  acidsi  but  they  may  all  be  regarded  as  combinations  of  those 
already  given.  The  formulas  may  be  variously  written  and  the 
following  are  siniply  suggestions : 


Dieilicic  acids, 


H— 0— Si=0 

> 

H— O— Si=0 


H— O- 


U^ 


(HO),  =  Si 


(HO),  =  Si 
(HO),Si 


H— O 
H— O 


>Si 


X 


0=Si 


(H0),Si 


H— O— Si=0    H— O— Si=0 

> 

TrisilieiG  acids.         O = Si 

> 

H--0— Si-0    H— O— Si=0 
SUicatea. — ^The  numerous  and  complicated  silicat-es  which  occur 
in  nature  are  derivatives  of  the  various  silicic  acids,  the  hydrogen 
being  replaced  by  positive  elements,     A  few  examples  of  the  simple 
comiKJimds  may  be  taken  be  illustrations : 

Ortlwisilicate«:  Zircon,  Zr'^^SiO/;  Garnet,  Cfl3".\l/"{SiOJ,, 
Metttsilicates:    Wtdlastonite,  Ca^SiO^;  Steatite,  H3Mgj,"CSiOj)4. 
Disilicatea:        PetiUite,  NaLiSijOs;  Seqientiixe,  Mg^ijO». 
Trisilicates:       Ortlioclase  (feldspar),  KAliBijO^). 

Only  the  silicates  of  the  alkali  metals  are  soluble  in  water.  The 
lydrous  silicates,  called  ieolites,  dissolve  in  hydrcniloric  acid  with 
ic  strparation  of  gelatinous  silicic  acid.  The  anhydrous  silicates 
are  insoluble  in  hydrochloric  acid.  They  are  rendered  soluble  by 
fusing  them  mtb  alkalis, 

SiLIOOPf   AND   BTTLl^m. 

SiU^ciit  Sulfid,  SiSj,  is  obtained  by  heating  amorphous  eilJcon  with 
sulfur,  or  by  passing  siilfyr  vapor  over  an  ignited  mixture  of  carbon  and 
mlicic  o\id.  It  forms  shiny  needles ^  which  are  decomposed  by  water 
into  silicic  acid  and  hydrogen  sulfide 

^eoa  Chkffhydrosulfid,  8in,BH,  iB  formed  when  a  mixtm-e  of 
hydrogen  sulfid  and  silicon  cMorid  is  passed  through  a  red-hot  tube. 


r^ 
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It  is  a  colorless  fuming  liquid  which  boHs  at  96^,  and   is  decompoeed 
by  water  into  hydrogen  chlorid,  silicic  acid,  and  hydrogen  sulfid. 

SILICON   AND   NITROGEN 

A  compound  of  silicon  and  nitrogen  is  formed  by  stron^y  heating 
silicon  in  nitrogen,  or  by  the  action  of  ammonia  upon  silicon  chlorid. 
It  is  a  white  amorphous  powder  which  decomposes  sloj^ly  in  the  air. 

SILICON   AND   CMIBON. 

Silicon  Carbid,  or  Carborundum,  SiC,  is  obtained  by  fusing  together 
silicic  oxid  and  carbon  in  the  electric  furnace,  SiO,  +  3C  —  200  +  SiCL 
It  is  a  greenish  or  black  solid,  which  is  exceedingly  hard  and  is  used  as 
a  polishing  material.  It  is  very  resistant  to  chemical  change,  because 
when  placed  in  the  fire  the  coating  of  silicic  oxid  which  is  formed  on 
the  surface  protects  the  material  beneath. 

GERM.\NIUM.' 

S>Tnbol  Ge.  Atomic  weight  72.  Molecular  weight  144.  Valence 
II  and  IV.    Specific  gravity  5.47.     Melts  at  900°. 

Occurrence. — CJerraanium  is  a  very  rare  element  and  does  not  occur 
free.  Its  principal  native  compound  is  the  rare  mineral  argyroditef  a 
double  suKid  of  silver  and  germanium,  4Ag2S,(ieS2. 

History. — In  1S71,  MendcloclT  prcdicrtod  the  existence  of  an  ele- 
numt  Ix^tween  tin  and  mercury  and  described  its  proi-XTties.  He  gave 
it  an  atoniic  weight  73,  and  valence  II  and  IV,  and  called  it  cka^niicon. 
In  18S(),  Winkler,  of  Freiberg,  discovered  germanium,  whose  properties 
are  in  striking  agreement  witli  those  of  the  hypothetic  element  of  Mcn- 
(leleefT. 

Preparation. — The  separation  of  germanium  from  its  native  ore  is 
(juite  difficult.  It  is  most  easily  obtained  by  reducing  its  oxid  with 
carbon  or  hydrogen  at  a  red  heat. 

Physical  Properties. — (lernianium  is  a  brittle  dark-gray  powder 
which  melts  at  about  9(K)°  and  crystallizes  from  fusion  in  brilliant  metal- 
like octahiNlrons  of  si)eciric  gravity  5.47. 

Chemical  Properties.— (lennanium  burns  in  the  air  to  CicOj  and  in 
chlorin  to  ( ;eCl^.  It  is  insoluble  in  dilute  acids,  but  is  oxidized  by  strong 
nitric  acid  to  r,rO.,,  and  it  dissolves  in  strong  sulfuric  acid,  probably 
forming  gernianous  sulfate,  a  portion  of  the  acid  being  reduced  at  the 
same  time  to  SO,.  It  is  both  negative  and  positive  and  has  valences 
II  and  IV.  It  forms  germanons  and  germ  an  ic  binarj"  compounds,  but 
few,  if  any,  ternary  salts  have  been  isolated.  As  a  tetrad,  it  is  nega- 
tive, forming  acids  and  germanates. 
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GERMANIUM  COMPOUNDS. 

The  compounds  of  germanium  are  exactly  analogous  to  those  of  car- 
bon and  silicon.  No  hydrogen  compound  of  germanium  has  been  pre- 
pared and  the  existence  of  the  fluorid  is  still  doubtful. 

Fluogennanic  Acid,  H,GeF,,  is  a  crystalline  solid. 

Germanic  Chlorid,  GeCl^,  is  obtained  by  burning  germanium  in  chlorin, 
or  by  heating  germanic  sulfid  with  mercuric  chlorid.  It  is  a  colorless^ 
fuming,  mobile  liquid  of  specific  gravity  1.887  at  18°.  It  boils  at  86**, 
and  is  decomposed  by  water  into  hydrochloric  and  germanic  acids. 

Germanium  Chloroform,  GeHQi,  is  produced  by  the  action  of  hydro- 
gen chlorid  upon  germanium.  It  is  a  mobile  liquid  which  boils  at  72*^. 
It  decomposes  slowly  in  the  air,  giving  rise  to  germanic  oxychlorid, 
GeOO,,  which  is  an  oily  liquid. 

Germanium  Bh>mid,  GeBr^,  is  formed  when  germanium  is  heated  in 
bromin.     It  is  a  fuming  liquid  which  is  a  crystalline  solid  at  0°. 

Germanium  lodid,  Gel^,  is  obtained  by  passing  iodin  vapor  over 
heated  germanium,  or  by  heating  germanium  chlorid  with  potassium 
iodid.  It  is  a  yellow  deliquescent  solid  which  melts  at  144°  and  boils 
at  400°. 

Germanous  Oxid,  GeO,  is  an  unstable  gray  readily  oxidizable  solid 
which  forms  a  feebly  basic  hydroxid,  GeHjO,. 

Germanic  Oxid,  GeO,,  is  formed  by  the  combustion  of  germanium 
or  germanium  sulfid,  or  by  oxidizing  germanium  with  nitric  acid,  or  by 
decomposing  the  chlorid  with  water.  It  is  a  stable  white  powder  of 
specific  gravity  4.7.  It  is  slightly  soluble  in  water  (1  part  to  95),  form- 
ing an  acid  solution.     It  is  wholly  acidic,  not  forming  salts  with  the  acids. 

Germanic  Acid,  H^GeO^,  or  HjGeO,,  is  formed  by  the  action  of  water 
upon  the  chlorid.     It  dissolves  the  alkalis,  forming  germanates, 

Germanous  Sulfid,  GeS,  is  obtained  by  careful  reduction  of  the  di- 
Bulfid.     It  is  a  dark-gray  crystalline  solid. 

Germanic  Sulfid,  GeS,,  is  formed  'when  hydrogen  sulfid  is  passed 
through  an  acid  solution  of  the  oxid,  or  by  the  action  of  hydrochloric 
or  sulfuric  acid  upon  its  thiosalts.  It  is  a  white  powder  which  is  insol- 
uble in  acids,  but  makes  a  colloidal  solution  in  water,  from  which  it  is 
precipitated  by  acids.  It  dissolves  in  alkaline  solutions  and  forms  thio- 
salts 'with  alkaline  sulfids,  an  example  of  which  is  silver  thiogermanate, 
AgjGeS,.  . 

TIN. 

Symbol  Sn.  Atomic  weight  119.  Valence  II,  IV.  Specific  gravity 
7.3.    Melting-point  235°. 

Occurrence. — ^Tin  has  been  found  free  in  Siberia,  Guiana,  Boli- 
via, and  Mexico,  but  in  very  small  quantities.     Its  principal  native 
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compound  is  the  mineral  caasHerUe  or  titirstone,  SnO,.  This  is  found 
in  large  deposits  in  only  a  few  places.  The  principal  localities 
are  Cornwall  and  Devonshire  in  England,  the  island  of  Banca 
in  the  Malay  peninsula,  Bohemia,  Saxony,  India,  Sweden,  South 
Australia,  Bolivia,  Peru,  and  Mexico.  Very  little  is  found  in  the 
United  States.  It  occurs  in  veins  in  granitic  rocks.  Stream  tin 
consists  of  water-wom  pebbles  found  in  the  beds  of  watercourses. 
Tin  occasionally  occurs  as  a  mixed  sulfid  with  other  metals.  Its 
associates  are  arsenic,  antimony,  iron,  copper,  zinc,  lead,  and  tung- 
sten.   Tin  from  Banca  is  chemically  almost  pure.  " 

History. — Tin  has  been  known  from  the  earliest  times.  It  is  a 
constituent  of  the  implements  used  by  primitive  man  in  the  Bronze 
Age.  Pliny  called  it  plumbum  albums  and  the  name  stannum  dates 
from  the  fourth  century.  It  was  called  Jupiter  by  the  alchemists. 
Herodotus  called  the  British  Isles  the  cassUerides  or  tin  islands.  The 
word  tin  is  Anglo-Saxon. 

Preparation, — ^Tin  is  prepared  by  reducing  the  oxid  with  carbon: 

SnO,  +  2C  =  2C0  +  Sn. 

The  ore  is  washed  and  pulverized  and  then  roasted  with  free  access 
of  air,  whereby  sulfur  and  arsenic  are  driven  off,  iron  oxidized,  and  cop- 
per converted  into  copper  sulfate.  The  copper  sulfate  is  washed  out 
and  the  residue  heated  with  carbon  in  a  reverbcratory  furnace.  When 
the  reduction  is  complete  the  temperature  is  brought  to  the  melting- 
point  of  tin,  and  this  metal  is  drawn  ofT,  leaving  the  most  of  the  others 
behind.  It  is  further  purified  by  remelting  and  stirring  with  a  stick  of 
green  wood,  which  causes  the  separation  of  a  scum  containing  the  im- 
purities. 

Physical  Properties.— Tin  is  a  silver-whit^  solid  with  metallic 
luster  and  specific  gravity  7.3.  It  is  softer  than  zinc  and  harder 
than  load,  and  can  be  cut  with  a  knife.  It  is  quite  malleable,  but 
not  very  ductile,  and  has  but  little  tenacity.  It  may  be  beaten  into 
shoots  ono  fortieth  of  a  inillimoter  (one  thousandth  of  an  inch)  in 
thickness.  This  is  the  tin-foil  of  commerce.  It  melts  at  235°  and 
vaporizes  at  about  1650°.  At  100°  it  is  ductile  and  at  200°  it  is 
brittle  and  may  be  pulverized.  It  is  a  good  conductor  of  heat  and 
electricity.    Its  specific  heat  is  0.0559. 

Tin  shows  a  strong  tendency  to  crj'-stallize  when  cooled  from 
fusion  or  when  sc^jiaratcd  from  its  compounds.  It  is  dimorphous, 
crj'^stallizing  in  square  and  rhombic  prisms.     If  a  bar  of  tin  be  bent, 
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ih  peculiar  crepitation  is  heard  called  the  ery  of  tin.  This  is  due  to 
the  movemeDt  of  the  cn^^tals  one  upon  XM  other. 

If  tiJi  be  cooled  to  a  law  tenii^ieratiire,  —48^,  it  falls  to  a  gray 
powder  of  speeific  gravity  only  5.8-  This  is  called  amorphous  tin, 
and  it  changes  back  to  the  other  fomi  on  being  heated.  It  is  said 
to  undergo  the  same  change  slowly  at  the  ordinary  temperature. 
TiJtt  which  had  been  kept  three  hundred  years  was  found  by  Sehertel 
so  brittle  as  to  be  cmBhed  between  the  fingers. 

niustratioos. — Crystals  of  tin  may  be  obtained  in  the  following  ways; 

Mdt  tin  and  pour  off  the  liquid  after  the  crystals  begin  to  form. 

Hitee  a  strip  of  zinc  in  a  sotution  of  tin  ehlorid.  The  tin  separates 
in  brttnching  crystals  called  the  iin  ^ff€. 

Add  slowly  to  a  solution  of  tin  chlorid  water  containing  ainc  dust. 

Etch  a  tinned  surface  with  aqua  rcgia, 

Chemical  Properties.— Tin  is  unehanged  in  the  air,  but  ii^ 

nbhes  in  the  presence  of  hydrogen  suJfid,  When  strongly  heated 
it  bums  with  a  bright  light  to  Sni^^,  It  dissolves  in  hydrochloric, 
sulfuric,  and  dilute  nitric  acids  to  form  stannous  salts: 

Sn  +  2Ha  =  Ha  -f  SnCl,. 

8n  +  2H5SO^  -  SO,  +  2H,0  +  SnSO,. 

4Sn  +  9HN0,  -  3H,0  +  NH^  +  48n(N0,)j. 

hydrous  nitric  acid  docs  not  attack  it,  but  ordinary  concentrated 

acid,  specific  gra\ity  IJ24,  act^  upon  it  with  violence,  forming  meta- 
k  acid: 

Sn  +  4HN0.  =  4X0^  +  H^O  +  U^nO^. 

Uses, — ^Tin  is  very  largely  use<l  for  making  alloys,  and  for  cover- 
ing or  tinning  the  surface  of  other  metals,  particularly  iron,  copper, 
brudis,  and  bron7.e,  to  protect  them  against  the  action  of  air  and 
water.  Cominon  tin-platr  is  mmie  by  dipping  sheeta  of  iron  in 
ineited  tin.  Tlie  thiekn€*8s  nf  the  coating  is  increased  by  re-dipping. 
This  is  tlie  nmrerial  of  wluch  ordinary  tinware  ts  made.  Teme- 
plaie  or  lmd4in  h  covered  with  a  mi.TCtnre  of  lead  and  tin.  It  is  used 
for  rtjofing,  Tin-foU  is  much  used  for  wrapping  various  articles  of 
merchandise.    The  price  of  tin  is  about  30  cents  a  pound. 

Alloys  of  Tin,— Tin  forms  numerous  alloys  with  other  metals, 
some  nf  which  an*  important  articles  of  commerce. 

Tin  amGlgam  is  made  by  jwuring  mercury  into  melted  tin*  It  is 
m  liqmd,or  a  granular  cr\^stalline  solid,  according  to  the  proportion 
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of  mercury.  It  is  chiefly  employed  for  silvering  the  backs  of  mir- 
rors. Tin-foil  is  spread  upon  a  level  slate  table  and  covered  with  a 
thin  layer  of  mercury.  The  well-cleaned  glass  plate  which  is  to  be 
silvered  is  laid  upon  the  surface  of  the  mercury  and  gradually  pressed 
down  to  the  tin-foil.  When  the  plate  is  raised  the  tin-foil  adheres 
and  the  excess  of  mercury  runs  away. 

Solder  is  an  alloy  of  lead  and  tin:  common  solder,  equal  parts; 
coarse  solder,  one  of  tin  to  two  of  lead;  fine  solder,  Wo  of  tin  to  one 
of  lead. 

Pewter  is  an  alloy  of  three  or  four  parts  of  tin  to  one  of  lead; 
sometimes  with  small  quantities  of  antimony,  bismuth,  and  copper. 

Bronzes  are  made  of  copper  and  tin  in  alx)ut  the  proportion  found 
in  gun-metal,  but  with  the  addition  of  two  or  three  per  cent  of  other 
metals,  generally  lead  and  zinc. 

Phosphor-bronze, — The  addition  of  phosphorus  to  bronze  makes  it 
hard,  tough,  and  elastic,  and  the  alloy  is  called  phosphor-bronze.  It 
is  prepared  by  melting  copper  with  tin  phosphid.  Sometimes  a 
little  lead  is  addcnl.  It  contains  one  to  three  per  cent  of  phosphorus 
and  five  to  fifteen  of  tin. 

Speeulum  metal  has  one  part  of  tin  to  two  parts  of  copper.  Some- 
times a  small  (luantity  of  arsenic  is  added.  It  is  brittle,  has  a  steel- 
gray  color,  and  takes  a  fine  polish. 

B(ll-nut(iL  \is(m1  for  hells  and  ffongs,  has  usually  four  or  five  parts 
of  copper  to  one  of  tin.  with  aiMition  of  small  quantities  of  other 
motals.  as  iron,  Ic^ad.  and  nickel. 

Britdunid  imtnl  is  mainly  tin  an<l  antimony,  with  a  little  copper 
and  zinc.  One  sample  gave  tin  SO,  aiitimony  10,  copper  1,  and 
zinc  '^. 

Qucoi's  mrtal  has  1  part  lead,  1  part  bismuth,  1  part  antimony, 
and  9  j)arts  tin. 

COMPOUNDS   OF   TIN. 

In  appearance  and  physical  properties  tin  is  metallic.  In  its 
chemical  relations  it  is  both  acidic  and  basic.  Its  ions  are  stan- 
nous Sn",  stannic  Sn"".  stannite  SnO,".  stannate  SnOg",  halostan- 
nite,  and  halostannate.  It  (1(K*s  not  unite  to  hydrogen.  Tlie  heat 
nf  fonnation  of  some  of  its  com])oun<ls  Ls  as  follows: 

(Sn,(%)  -SOSO  cal.;  (Sn.Cl,)-  12.7(K)  cal.;  (Sn,O)  =  6800  cal.; 
(Sn.O,)- 13.600  cal. 
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HALIDS   OF  TIN. 

Tin  combines  with  all  the  halogens,  forming  nsually  stannouf^  and 
Blamiic  rtimpoiunly,  as  well  as  oxy  and  thio  halids.  There  are  also 
aalt^  lif  halostaxinic  acid  aaalogous  to  those  of  fluosilicic  acid;  for 

K-F-F.  F 

exatitple,  imtassium  jluostannate,  KjSnF^,  or  ySn<^  IL 

K— F=F^      \F 

StannotiB  Fluond,  SnF|,  is  obtained  liy  dissolving  stannous  hydroxra 
in  hydrolluoric  acid>  On  evaporation  it  separ^itea  a&  small  white  Ins- 
IX011.S  monoclinic  prisms, 

Stfijuiic  Fluorid,  SnF^,  has  not  been  iat>lat(*d,  but  stannic  oxyiiiiorid, 
SnOF^,  had  bt-'en  prepared* 

Fluos tannic  Aad,  HjSnF^,  has  not  been  obtained  freej  but  hs  salt^ 
are  wrll  known.  Ammoniura  fluostannatej  (XH,)jfc?nF^,  crystallizes 
tti  rboml>ohedrons?. 

Stannous  Chlorid,  SnClj,  is  obtained  by  tlissulvirig  tin  In  hydro. 
ehlorie  aeid.  It  ery*atalli2es  wntb  two  niolcetdes  of  water,  forming 
the  tin  sialt  SnCI^.SHjC),  which  is  UBtd  as  a  monlaiit  in  dyeing-  The 
anbydn»vi8  salt  \s  prepared  by  heating  tiii  in  dry  hydrogen  ehlorid* 
It  i«  an  arrtorpboiis  solid  widch  melts  at  2W  and  boils  at  606^. 
Tlie  tiydrated  salt  dissolves  in  a  small  quantity  of  water,  but  on 
dilution  k  t>reeipitated  as  the  baeic  elilund.  2Sn{H(>)Cl,H30. 

CtilorostafiQaus  Acid,  HBnCJj  or  HjSnCl^,  and  CWorostannites  have 
been  prepared. 

Staimic  ChJorid,  SnCl^t  is  prepared  by  pa^^sing  ehlorin  over 
healed  tin,  t^r  by  heating  tin  with  an  excess  nf  mercuric  cldorid.  It 
fe  a  colorless,  funung  liquid  uf  speeific  gravity  2,27,  It  was  for- 
merly called  spiriius  fiimans  Liharli,  it  having  bet*n  first  prepared 
by  Lilmvius  in  W)5.  It  boils  at  114°  and  solidifies  at  ^S3^.  It 
forms  various  hydra t.€9:  SnCl4,3HTjO  b  a  soft  erystalline  mass 
ealleil  huUer  nf  th},  and  SnCi|,5HjO  is  the  commercial  oxipnufiaJi^  of 
tin, 

Chloroitannic  Acid,  H^SnCl^j  GHjO,  obtained  by  dissolving  SnCl^  in 
II tT.  furriis  erv'wttds  which  melt  at  28°. 

Chlorostannates,— Stannic  ehlorid  combines  witli  metallic  elilorids 
|o  fonn  e!iloroHt annates  similar  to  the  lluost annates.     An  example  is 

[Mjaiiim  rhlnrostana^de,  (NR^)jSnn„  a  eryrttalline  |>owder  formerly 
by  the  CfiHiui-priiiter  umler  the  name  of  putk  mlL 

Stiniioua  Bromid,  SnBr^,  in  formed  wlien  tin  in  heated  with  liydrcjgen 
bromid  nr  iTifjcuric  bromid.  It  is  a  gray  fusible  s<*!itb!e  er%*stalline 
«n1id. 
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Stannic  Bromid^  SnBr,^  is  formed  by  direct  \m\on  of  the  clemeals 
with  tlie  prcxSurtion  of  light  and  heat.  It  is  a  white  erystaUine  solid 
of  specific  gravity  3.32,  fumes  in  the  air^  dissolves  in  water,  ludtfi  at  3tf 
and  boils  at  201°* 

Brora ostaamc  Acid,  HjStiBr,,  and  Brom&stannates  have  been  formed. 
The  latter  cryt^tiilbie  with  six,  eight,  or  ten  molecules  of  water. 

Stannic  Bromchlorida  of  formuJaa  BnBrgCI  and  SnBrCl]  an?  known* 
Stannous  lodid,  Snl^,  formed  by  adding  potassium  iodid  to  a  wana 
solution  ijf  stannous  chlorid,  erystaniz<?s  in  yellow  needles. 

lodostannous  Add,  H^Snl^,  and  lodostannites  have  been  prepared 
Stannic  lodid,  Snl^,  is  formed  when  tin  is  heated  with  iodin  to  50**. 
The  tin  is  moit^tened  with  carbon  dlsulfid  and  the  iodin  added  by  littles. 
It  crystallizes  in  red  octahedronS|  melts  at  l^^j  sublimes  at  180^,  and 
boilB^at  295^ 


OXIBS  AND   HYDRATES   OF   TIN. 

Tin  forms  two  oxida,  SnO  and  SnO^,  both  of  which  act  upon  acids 
yielding  salts.  The  hydrates  of  the  first  are  basic,  while  those  of  the 
second  are  acidic  and  give  rise  to  two  series  of  salts  called  ^Uinmitm 
and  metatmnnates. 

Stannous  Oxid,  SnO,  is  obtained  by  heating  stannous  hydro3dd 
or  stannous  oxalate  away  from  the  air.  It  is  a  brown  powder 
which  burns  in  the  air  to  SnOj,  and  is  a  powerful  reducer.  It  dis- 
solves in  the  acids  yielding  stannous  salts. 

Stannous  Hydrojtidjj^nH/Jj^  is  obtained  as  a  white  amorphous 
precipitate  when  sodium  carbonate  is  added  to  a  solution  of  staimoiis 
chlorid : 

2Sna3  +  2Na3C03  +2H,0=  4XaCI  +  200^  +  2SnH,0,. 

Stannic  Oxid,  SnO^,  occurs  in  nature  as  the  mineral  ca^mtmie,  or 
tin  stone,  and  is  the  principal  ore  of  tin.  It  has  specific  gravity  6.8, 
and  crystallizes  in  modified  square  prisms. 

Stannic  oxid  is  formed  as  an  amorphous  white  powder  when  tin  is 
burned  in  the  air*  It  is  infusible,  and  insoluble  in  water,  acids,  and 
alkalis. 

Ortbostannic  Acid,  H^SnOi,  is  formed  when  stannic  chlorid  is 
treated  with  a  molecular  proportion  of  potassium  hydroxid  or  with 
an  excess  of  calcium  carbonate:  SnCl^  H-  4KH0  =  4KC1  +  H^SnO^, 
It  separates  as  a  white  gelatinous  precipitate,  soluble  in  acidJ  and 
alkalis.    When  dried  in  vacuo  it  looses  water  and  becomes  HtSnOj 
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(meta),  which  is  the  acids  from  which  most  stannatea  are  derived. 
Sodium  staunate,  NajSnOa.SII/),  is  the  preparing  salt  of  the  dyer, 

Metastannic  Acid,  HaSnU^.— When  tin  Ib  disaolvetl  iu  strong 
Djtric  acid,  a  white  amorphous  powder  separat<3s,  which  is  a  poly- 
mer of  mctas tannic  acid*  The  formula  usually  assigned  to  it  is 
Hio^SusUij,  VVheii  dried  it  looses  water  and  finally  becomes 
HySntJj.  It  is  dibasic^  and  forms  salts  which  are  called  jneta^tan^ 
nate^.    Those  best  known  are  the  sodium  and  potasmum  salts. 


TIK   WITH   SULFUR,   SELEKIUH,  AKD  TELLURIUM. 


^Hydrogen  sulfid  as  a  dark-broi\Ti  amorphous  powder.  By  fusing  tin 
and  Nulfur  together,  it  m  obtained  as  a  gray  crystailme  raoss  of  specific 
gravity  4.97,  It  dissolves  in  hot  hydrocWoric  acid,  giving  hydrogen 
flullid  aiid  stannous  chlorid,  and  in  alkaline  polygulfids,  giving  thio- 
Stannatea, 

Sttniiic  SuMd,  SnSj,  is  precipitated  from  stannic  solutions  by  hydrogen 
Fulfid  its  a  yeliow  amorphous  j:>owder.  It  is  obtained  in  iB^olden-yellow 
crystalhne  scales  by  heating  together  tin,  sulfur,  and  ammonium  clilorid. 
Iif  this  form  it  is  used  as  a  pigment  and  bronze  powder  under  the  name 
of  momic  gold.  It  dis^solves  in  liydroeHoric  acid  and  is  oxidized  by 
nitric  acid  to  meta^^tannic  acid, 

Thio'staiiiuc  Acid,  Hj8n8„  is  obtained  by  adding  hydrochloric  acid 
to  snlutioos  of  thiostannales.  It  falb  as  a  yellow  precipita.te,  which 
on  drj^ini;  gives  a  dark  powder. 

Thiosnnmatts  are  obtained  by  the  action  of  alkali  sulfids  and  hydro- 
miI5ds  upon  s^tannic  sulfid:  SnSj  +  K^S  =  KjSnSj, 

Tit^  forms  compounds  with  selenium  and  tellurium  similar  to  its  oom- 
fxjunda  with  sulfur. 


TIN   WITH    PHOSPHORUS,   ,\HSENIC,  AND  ANTIMONY* 

When  tin  filinp??  are  heated  in  phosphonis  vapor  a  silver- white 
masj!i  is  obtained  which  has  the  composition  *SnP  and  a  specific  gravity 
1^.51^.  Phosphorus  alloys  with  tnolten  trn  ip  various  proj>ortions,  Sn^^ 
U  a  cnnrsely  crystalhne  mass  resembling  cast  zinc.  It  is  used  in  mak- 
ing phosphor-bronze. 

Tin  Hoes  not  form  definite  compounds  wnth  arsenic  and  antimony; 
hut  alloys  with  them  in  various  proportions* 
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TIN   SALTS. 

Tin  forms  salts  with  most  of  the  acids,  but  they  arc  rather  la- 
stable  and  not  easily  prepared.  \'ery  few  are  of  any  commerriai 
importance.  Those  best  known  are  stannous  sulfate,  SnS04,  sraih 
nic  sulfate,  SnCSO^),,  stannous  nitrate  SnCNO,),,  stannic  nitnte, 
SnCNOa)^,  and  stannic  phosphate?,  Sn3(P04)4. 

LE-\D. 

S>inbol  Pb.  Atomic  weight  207.  Valence  II  and  IV.  Specific 
gravity  11.37.     Melting-point  325°.     Specific  heat  0.0293. 

Occurrence. — Lead  occurs  free  very  rarely,  and  in  small  quan- 
tities, having  probably  been  reduced  from  its  compounds  by  volcanic 
action.  Its  principal  ore  is  the  sulfid,  PbS.  known  as  the  mineral 
galena.  There  are  also  large  de|X)sits  of  the  carbonate,  PbCO^ 
calletl  ccrussite,  and  of  the  sulfate,  PbSO^,  called  anglesite,  Besiiles 
these  there  are  ninneronB  complex  compounds  of  lead  with  other 
elements.  Its  usual  associates  are  silver,  gold,  copper,  and  zinc, 
and  the  rocks  in  which  it  is  found  are  barite,  calcite,  fluorite,  and 
granite.  Its  principal  American  locahties  are  Missouri,  Illinois, 
Wisconsin,  Iowa,  and  \\\o  entire  Rocky  Mountain  n»gion. 

History.- -Lead  has  lu'cn  known  during  all  historic  time.  It 
lias  l.ihlical  inentiou  in  .lob  and  Xiinibers,  and  was  well  km>wn  to 
the  Koinaiis.  It  was  called  by  PUny  plumbum  ju'gruin,  to  distin- 
iriiish  it  from  silver,  which  was  plumbum  canelidum.  It  was  (»ne  of 
\hr  Mvcii  in('tal>^  of  the  aiici(Mits  (*rold,  silver,  cop|)er,  tin,  lead,  iron. 
incrciiry).  an<l  was  assiirncd  to  the  ])lanet  Saturn.  Hence  Icail- 
p()isoniii;r  was  called  sfitnrninr  poisonimj. 

Preparation.— Th(»  lead  of  coinnierce  is  mostly  obtained  from 
galena.  TIkmc  arc  two  ^^(Micral  nicthoils  of  reduction,  the  first  appli- 
cable to  ores  that  are  comparatively  ])ure,  and  the  second  to  ores 
which  contain  sultids  of  iron,  copi)er,  zinc,  etc. 

In  the  iirst  method  the  ])r()cess  poes  on  in  two  stages.  The  ore  is 
roa-^tcd  in  a  rcverhcratory  furna<'e,  with  free  access  of  air,  whereby  it 
is  partially  oxidized  to  lead oxid  and  lead  sulfate: 

JPhS  +  70  =  SO,  +  PbO  +  PbSO,. 
The  furnace   i<  now  cl()<(»d.  the    air  excluded,    and    the    temperature 
raised,  whenhy  the  oxid  and  sulfate  are  reduced  by  the    leaiV^^^ 
which  remained  unoxidized:  2PbS  +  PbSO,  +  2PbO'^=  3S0,  +  5Pb. 
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In  thr  second  method  the  reduction  is  affected  by  htiiiting  the  lead 
M  witli  iron:  PbS  +  Fe  =  FeS  +  Pb. 

I4€ad  obtained  from  the  native  ores  contains  varying  quan titles 
of  antinumy^  tiii^  coppcri  silver,  gold^  ete.  Much  lA  tlie  Irad  is 
workt^d  for  silver,  and  the  desilverizing  process  removes  nearly  all 
the  other  raetals,  so  that  much  of  the  commercial  lead  is  clieuiically 
aliTiost  pure. 

Physical  Properties, — Lead  is  a  bluish-white  metal  with  bright 
metalhc  luster  and  sp^?cifie  gravity  11.37.  It  is  soft  enough  to  mark 
upon  paiier,  to  be  impressed  with  the  finger-nail,  and  to  be  cut  with 
a  knifi*.  Its  alloys  with  other  metals  are  harden  It6  tenacity, 
elat?ticity.  and  nial inability  are  all  low,  but  it  may  be  rolled  into  thiji 
gh<Tt8  and  drawn  out  into  pipes.  It  melts  at  325^  and  di&^tik  at 
about.  I7U0^,  It  c<mtract3  on  cooling,  and  its  volume  is  dinmiisiicd 
luid  demtity  incrf^ast^d  by  pressure  and  haniniering.  It  eryi^tallizes 
from  fusion  iii  regular  octahetlrons*  and  when  separated  from  its 
eoinpounds?  frequently  assumes  arborescent  crystalline  forms. 

Chemical  Properties, — Ixwl  tarnishes  easily  in  the  air,  and 
becomes  coated  with  the  subuxid  PbjO,  which  protects  it  from 
furtbi*r  oxidaticjn.  It  bums  when  heated  to  PbO  or  Pb^O^.  When 
finely  divided  it  ignites  spontaneously.  It  is  insc^luble  in  pure 
watrr,  but  in  contact  with  air  and  water  it  forms  lead  hydroxid, 
FbHjO,,  which  is  slightly  soluble.  If  the  water  contains  carbon 
I-  iether  with  mineral  salts,  such  as  phosphates,  carbonates, 

ai  ates,  tlie  lead  becomes  covered  wdth  an  insoluble  coating  of 

carbonate  or  sulfate 'of  lead.  When  carbon  dioxld  is  in  excess  same 
of  the  carbon wte  may  go  into  stjlution.  It  is  these  properties  which 
make  leatl-pipcs  dangcn)us  when  used  for  the  {lomestic  water-supply. 
It  dissolves  poorly  in  strong  acids  because  of  the  formation  of  insol- 
uble lead  salts.  Weak  acids  attack  it  more  readily.  It  dissolves 
MHtly  in  nitric  acid,  forming  lead  nitrate,  but  no  hydrogen,  since 
this  IS  oxidized  by  the  decomposing  nitric  acid: 

Pb  +  4HN0,  -  2NO3  +  2H3O  +  PbCNOa)^. 

Zinc,  tin,  and  iron  precipitate  it  from  its  solutions* 

PbjTsiological  Properties,— All  the  soluble  salts  of  lead  are  cumu- 
lative poisons,     WTicn  taken  continuously  in  the  smallest  qnan- 
fJie  lead  remains  in  the  tissues  until  a  sufRclent  amount  has 
^, ,  ...mulated  to  produce  the  poisonous  effects.     When  taken  in 


I  fritr     t 


438  INORGANIC  CHEMISTRY.  [Ch.  XXVm. 

large  doses  it  produces  an  acute  colic.    The  cumulative  ^ects  are 
malaise,  dyspepsia,  and  paralysis  of  the  forearm. 

niustratioxis. — Cut  a  bar  of  lead  with  a  knife  and  note  its  color  and 
luster  and  see  how  rapidly  it  tarnishes. 

To  show  the  spontaneous  combustion  of  lead,  heat  in  a  tube  some 
lead  tartrate  until  fumes  no  longer  escape,  cork  tightly  and  let  cooL 
On  pouring  the  mixture  of  finely  divided  lead  and  carbon  out  into  the 
air  it  falls  in  a  brilliant  shower  of  fire.  To  prepare  the  lead  tartrate, 
add  lead  acetate  to  a  solution  of  sodium  potassium  tartrate  until  pre- 
cipitation is  complete,  then  filter  and  dry  the  precipitate. 

To  show  the  displacement  of  lead  by  zinc,  place  a  coiled  strip  of 
zinc  in  a  solution  of  lead  acetate.  Beautiful  arborescent  crystals  of  lead 
grow  out  from  the  zinc.    This  is  called  the  lead  tree. 

To  obtain  crystals  melt  the  lead,  allow  it  to  cool  until  partially 
solidified,  and  pour  off  that  which  remains  liquid.  The  vessel  will  be 
covered  with  octahedral  crystals  of  lead. 

Uses. — Lead  is  used  chiefly  for  shot,  lead-pipe,  sheet  lead,  and  in 
the  manufacture  of  lead  alloys  and  lead  salts.  For  shot  it  is  alloyed 
with  about  2  per  cent  of  arsenic.  This  hardens  it  and  makes  the 
shot  assume  the  spherical  form  as  they  fall  from  the  tower.  In 
making  lead-pipe  semifluid  lead  is  forced  through  steel  dies.  Sheet 
lead  is  used  for  lining  the  sulfuric-acid  chambers  and  vats. 

Alloys  of  Lead. — Load  is  a  constituent  of  solder,  pewter, 
bronze,  queen's  metal,  tin-foil,  and  terne-plate,  all  of  which  have 
been  described  under  tin. 

Typc-rnetal  is  an  alloy  of  lead,  antimony,  and  tin  in  about  the 
proportion  50,  25  and  25. 

Bahhit-metol  is  used  as  an  antifriction  lining  for  machinery  bear- 
ings. Analysis  of  a  sample  gave  lead  40,  tin  45.5,  antimony  13,  cop- 
per 1 .5. 

Lead  also  forms  alloys  with  bismuth,  copper,  mercury,  potassium, 
sodium,  palladium,  platinum,  zinc,  chromium,  and  manganese. 


LEAD   COMPOUNDS. 

Lead  is  metallic  and  strongly  basic.  Its  principal  ion  is  Pb", 
and  as  a  dyad  it  forms  salts  with  most  of  the  acids  and  unites  to  the 
negative  elements  generally.  It  still,  however,  retains  a  trace  of 
acid  character,  since  its  oxids,  PbO  and  PbOj,  imite  to  the  alkali 
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hydroxids  to  farm  plumbites  and  plumbates-  Lead  docs  not  unite 
to  hydrogOQ. 

The  thermal  equations  for  some  of  the  more  important  com- 
pounds am: 

(Pb,0)      -  50,300  c.       (rb,0,)       -   12400  c.  (Pb,  aj   =S2,800c, 

{Pb,Br,)    -   64p400c.       (Pb^I^)        -  39,600  c.  (Pb,  S)     =  20.400  c, 

(PbAO J  -  21 6.200  c,       (Pb,Ni,OJ  -  105,500  c.  (Pb,C,0 J  =  72,900  c. 


LEAD   IL4.LIDS. 

Lead  Flutmd,  PbF^,  w  a  white  powder  obtained  by  heating  lead  oxid 
witli  liy i! J u fluoric  ueij,  or  by  treating  a  lead  salt  with  a  soluble  fluorid. 

Lead  Chlorid,  Plnmbous  Chlorid,  PbCU,  is  formed  by  the  action 
of  chlorin  upon  lead.  It  is  more  easily  prepared  by  treating  the 
oxid  or  carbonate  with  hot  hydrochloric  acid.  It  is  preeipitated 
from  strong  solutions  of  lead  salts  b}^  hydrochloric  acid  or  soluble 
chlorids. 

Lead  chlorid  is  a  white  crystalline  solid  of  specific  gravity  5,8, 
It  forms  long  silky  rhoml^ie  needles  snlul)Ie  in  135  parts  of  cold 
water  and  in  30  parts  of  boiling  water.  It  melts  at  500*^  and  vola* 
tilizes  at  a  white  heat. 

Lead  Oxychlorids,— When  leatl  chlorid  is  heated  in  the  air 
oxychlorids  or  ba^ic  ciilorids  are  fonned.  PUOClj  occurs  m  the 
mineral  matlockiie.  Pb(HO)Cl  m  obtained  by  adding  lime-water  to 
a  solution  of  lead  chlorid,  and  Is  the  pigment  known  as  Paifi'nson'a 
white  kad.  Other  oxychlorids  are  PbClj^OPbO,  Turnery's  tfeUow,  and 
PhC1,.7PbO,  CassvJ  f/eUow, 

Lead  Chlorofluorid^  PbClF,  ts  a  white  precipitate  obtained  by  boil- 
ing lead  elilorid  with  a  solntion  of  potassium  cblond. 

Plumbic  Chlorid,  PhCl^,  is  obtained  in  solution  by  dissolving 
lead  dioxid  in  cold  hydroehloric  acid.  By  adding  ammonium 
chlorid  to  the  solution,  ammonium  plumbic  chlorid,  PbCl4^2NHjCl, 
is  pn*ripitated,  from  which  the  plumbic  chlorid  is  separatcfl  by 
action  of  siilftiric  acid.  It  is  an  oily  yellow  fuming  liquid  which  is 
<k^*omposed  by  water. 

Lead  Bromid^  PbBr,»  m  obtained  by  treating  lead  ox  id  with  hydro- 
bmrnic  arid.  It  forms  white  shimng  needles  of  specific  gravity  0,6,  It 
m^*Ui<  at  r>0CP  and  hii\h  at  861**  When  heated  in  the  air  it  passes  to 
thr  oxybroinkl,  Plj^OBr,,  a  [learly  yellow  .scilid. 

iead  BromocUQfid,  PbllrClj  is  a  white  crj-stalline  solid. 
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Lead  lodid,  Pbl,,  is  formed  by  dissolving  lead  in  hydriodic  acid,  or 
by  adding  a  soluble  iodid  to  a  solution  of  a  lead  salt.  It  dissolves  in 
194  parts  of  boiling  water,  and  crj^stallizes  from  the  solution  in  ydlow 
gold-like  leaves  of  specific  gravity  6.1.  Several  ozyiodids  are  known. 
Pb(HO;I  is  formed  by  adding  potassium  iodid  to  a  solution  of  lead  ace- 
tate. 

Lead  lodochlorid,  PblCl,  and  Lead  lodobromid,  PblBr,  have  been 
prepared. 

Lead  Cyanid,  PbCX,  is  a  white  powder  formed  by  the  action  of  potas- 
slum  cyanid  ujx)n  lead  salts. 

OXIDS   AND   HYDROXIDS   OF  LEAD. 

In  addition  to  the  regular  plumbous  and  plumbic  oxids,  PbO 
and  PbOz,  tlu^re  are  three  other  compounds  of  lead  and  oxygen,  the 

Plx 
suboxid,  Pb.,0  or  I     yO,  and  two  mixed  compounds,  lead  trioxid  or 

Pb^ 

metaplumbous  plunibate,  PbjOj  or  Pb'Tb'^O,  or  Pb<Q>Pb  =  0, 
and  lead  tetroxid  or  orthoplumbous  plumbate,  PbjOi  or  Pbj'Tb^O^ 
orPb<^>Pb<JJ>Pb. 

Lead  Suboxid,  Pb20,  is  a  black,  velvety  powder  obtained  by  gently 
heatinp  load  oxalate.  It  is  decomposed  by  heat  into  lead  and  lead  oxid 
and  burns  in  tlie  air  to  lead  oxid.  This  is  the  oxid  formed  upon  the  sur- 
face of  lead  when  it  tarnishes  in  the  air. 

Plumbous  Oxid,  or  simply  Lead  Oxide,  PbO,  is  formed  when 
lead,  its  nitrate,  carbonate,  or  other  oxids  arc  heated  in  the  air. 
It  is  a  yellow  powder  known  in  commerce  as  massicot,  and  the 
native  mineral  bears  the  same  name.  When  cooled  from  fusion  it 
forms  a  HMldish  crystalline  scaly  mass  called  litharge. 

Lead  oxid  is  slirrjitly  sohihle  in  water  (1  part  to  7000),  forming 
an  alkaline  solution.  It  dissolves  in  aeiils,  yielding  plumbous  salts^ 
and  is  t  hus  stron«z:ly  basic.  With  the  alkali  hvdroxids  it  has  a  feebly 
acid  action,  forminir  plmnbites,  as  KoPbOj.  It  saponifies  fat,  mak- 
ing laid  soap. 

This  compound  is  largely  used  in  the  manufacture  of  flint  glass 
and  red  lead  and  the  various  lead  salts.  It  is  employed  as  a  glaze 
for  earthenware*,  on  the  surface  of  which  it  forms  a  glassy  Ic-ad  sili- 
cate impervious  to  water. 
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Lead  Hydroxid,  or  Plumbous  Hydroxid,  PbHjOj^  separates  m  a 
whiU*  preci|>itaU'  whi^u  a  ba.se  acts  upon  a  solution  of  a  lead  salt. 
It6  cheniical  actions  are  like  tluxsc^  of  lead  oxid.  The  hot  aqueous 
solution  deixjsits  lead  oxid  on  cooling, 

Basic  Lead  Hydioxids  ai-e  formed  when  alkalies  act  u[>on 
solutioug  of  basic  leatl  salts.  The  two  most  important  ones  are 
PbO,rbH,0,  or  HO— Pti— C>— Pb— OH  and  2PbO,PbHA  ^'^ 
HO— Pl>— O— Pb--0— Pb— OH. 

Plumbic  Oxid  (L^ad  Dioxid),  PbOj,  is  obtained  by  treating  red 
lead,  PbjOi,  with,  nitric  acid : 

Pb,0,  +  4HN0,  =  2Pb(N03)2  +  2H,0  +  PbOj. 

It  is  a  li|;ht-bro\\ii  powder,  which  is  unstable  an<l  a  ixnverful  oxidizer. 
With  at-'idn  it  fornis  [>lumboiis  salts,  antl  with  strong  alkalies  it  fomis 
|>limibates< 

Plumbic  Acid  and  Plumbates* — Neither  the  orthopliiriil>ie  acid, 
HjPbO^,  nor  tlie  met  a,  HalMjC^ai  has  Ix-en  isolated,  bnt  they  are 
represented  in  their  salts.  When  lead  is  exposeil  to  moist  air,  lead 
hydroxid  and  hydrogen  peroxid  are  formed,  but  it  is  probable  that 
the  first  result  of  the  reaction  is  i»rthopluinbic  acid : 

Pb  +  2H3O  +  02=  H,PbO„ 

which  at  once  decomposer  H^PbOi  =  PbHjO^  +  HjOj* 

Lead  Trioxid  (Sesquioiid),  Pb,Os,  or  PbO,PbUj  orPb'Tb'^O,, 

MjOf/  metaplumlmte,  is  obtained  by  treating  with  sodium  hypochlorite 
[fiohition  of  lead  oxid  in  potassium  hydroxid: 
\  2PbO  +  NaC10=  NaCl  +  PbaOa. 

t  is  an  orange-colored  powder,  which  is  decomposed  by  heat  into 
oxygen  and  lead  oxid*  atid  by  acids  int^J  pi  umbo  ua  and  plumbic 
oxidst  the  former  acting  with  the  acid  to  give  plumbous  salts. 

Lead  Tetroxid,  Red  Lead,  Minium^. Plumbous  Orthoplumbate, 
l*b|(J„  or  1*Ij^"PI)'''0,,  is  pi^^pared  by  heating  lead  cnrburuUe  or  lead 
oxid  to  a  temperature  not  exceeding  45(f .  It  is  a  scarlet  cr>'stalline 
powder  of  specific  gra\nty  S,0  to  9.L  AlK:)ve  450^  it  gives  up  oxy- 
gen anti  returns  to  the  lower  oxjtL  It  is  decompose*!  by  dilute  aci*ls 
into  PbOj  and  PbO,  the  latter  forming  plumbous  salts  with  the  acid. 
With  strong  hydrochloric  or  sulphuric  acid  the  lead  salt  is  formed 
with  the  evolution  ofehlorin  or  oxygen.  It  is  used  as  a  pigment 
and  in  the  manufacture  of  flint  glass. 
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LEAD  WITH  SULFUR,  SELENIUM,  AND  TELLURIUM. 

Lead  Sulfid,  PbS,  occurs  native  in  very  large  quantities  as  the 
mineral  galena.  It  fonns  cubical  crj'stals  having  the  color  and 
luster  of  lead  and  a  specific  gravity  7.25  to  7.7.  It  is  obtained 
artificially  by  the  action  of  hydrogen  sulfid  upon  lead  salts,  or  by 
heating  lead  in  sulfur  vapor.  It  melts  at  red  heat  and  sublimes  in 
vacuo,  condensing  in  cubes.  Heated  in  the  air  it  oxidizes  to  lead 
sulfate*  and  lead  oxid.  It  dissolves  in  hot  hydrochloric  acid,  evolv- 
ing hydrogen  sulfiil.  Dilute  nitric  acid  converts  it  into  the  nitrate, 
while  the  strong  acid  oxidizes  it  to  the  sulfate. 

Lead  Sulfochlorids. — When  hydrogen  sulfid  is  passed  into  a  solution 
of  load  chlorid  the  precipitate  is  first  yellow,  then  broim,  and  finallr 
foku^k.  The  colorcMl  prtripitates  consist  of  lead  sulfochlorids,  the  chief 
of  which  are  PbS.PbClj  and  3PlKS,PbCn,. 

Lead  Selenid,  P1)S<*,  occurs  native  as  the  mineral  clau^thalUe,  found 
in  the  Hartz  Mountains,  in  Spain,  and  in  South  America. 

Lead  TeUurid,  PbTe,  occurs  as  the  mineral  nltaite,  found  in  the  Altu 
Mountains,  and  in  Colorado,  California,  and  Peru. 

LKAD   WITH   THE   XITROIDS. 

Load  does  not  unite  witli  nitrogen  or  phosphorus.  It  does  not 
fomi  ilefinit<'  (Munpounds  with  arsenic,  antimony,  tin,  or  bismuth, 
but  alleys  witli  them  in  all  projjortions. 

LKAD    SALTS. 

Load  forms  numerous  salts,  both  normal  and  basic,  some  soluble 
and  some  insolul)l(\  'Hir  sohibh*  salts  have  a  sweet .  as trin<ront  taste 
and  :\n^  cumuhitive  poisons.  They  ])reeipitate,  in  acid  solution  with 
hvdroiieii  sullid,  ])laek-lead  sulfid,  with  sulfuric  acid  white  lead  sul- 
fate, with  ])otassium  ehromato,  yellow  lead  chromate.  The  binary 
i«ilts  of  l«'ad  have  already  been  described.  The  i)rincipal  teniaiy 
salt.<  are  the  chlorate,  chlorito.  bromato.  iodate,  sulfates,  sulfites, 
thio.nate,  thiosiilfate.  selenato,  selenite,  molybdates,  tungstates, 
iiranat<'s,  nitrates,  nitrites,  ])hosphatos,  phosphites,  hypophosphite, 
arsenate.  arsenit(\  antimonate,  vanadate,  carbonates,  thiocarbon- 
iiU\  .-^ilieates,  ])orates. 

Lead  Sulfate,  1M)S(\.  occurs  native  as  the  mineral  anghsite  in 
wliite  rliombie  crystals  of  specific  gravity  6.2.     It  is  obtaine*iafia 
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white  precipitate  by  treating  a  lead  salt  with  sulfuric  acid  or  a  solu* 
ble  sulfate*  It  nieJts  at  a  red  he>at  aiitl  is  slightly  soluble  in  water 
m\i\  dilute  sulluric  acid.  It  dissolves  readily  in  strong  sulfuric  acid^ 
in  hot  hydrochloric  acid,  in  alivalics,  and  in  certain  ainuioniacal 
saltii,  eHpecially  the  acetate.  From  solution  in  suHurjc  acid  it  is 
dep^jsited  a.s  the  acid  sulfatCi  PbS0^,H.^S0(,H2(>;  and  when  it  is 
trc*ated  with  ammonia  it  is?  changed  to  the  basic  salt,  PbU^PbSO^^or 

O  <  p|^^\  >  ^^3^     ^o\h  ai-e  wbit^^  crystalline  soliib. 

Lead  Storage-battery* — If  two  plates  of  lead,  one  of  which  has 

•n  covered  with  plumbic  oxid,  be  immefBcd  in  dilute  sulfuric  acid 
and  cuimectetl  by  wires,  an  elect rit*  curreut  is  prcKluced,  the  lead 
and  the  lead  dioxid  liorh  being  gradually  changed  into  lead  sulfate, 
which  eovers  the  plates.  If  now  a  current  from  a  dynamo  be  passed 
tl  '  he  jjyj^tem  in  the  opposite  direction,  the  chemical  action  is 
r»  I  lid  the  sidfate  becomes  learl  and  lead  tUnxid  again*     8ueh 

a  syKtem  is  called  a  stormje-balitT}^.  It  may  be  exhausted  and  re- 
char  ired  afi  iiidctiuite  number  of  tinier. 

Lead  Chromate,  i*bCr()j,  oeeui-B  as  the  mineral  crocnmte  in 
yellow  monoclinie  prisms  of  specific  gra\ity  5.9  to  6.1.  It  is  found 
in  Siberia,  Brazil,  Hungary,  and  tlie  Phihppine  Islands.  It  m  pm* 
eipitate^t  from  solutiou  of  lea<l  salts  by  potassititn  rliohrornale.  It 
melts  easily,  is  decomposed  at  a  liigh  temperature,  is  insoluble  ia 
water  and  nitric  acifh  It  di&.soh'C8  in  strong  basses  to  a  yf^llow  solu- 
tion, the  It/atl  beconiing  tetravaleiit  and  the  solution  probaljly  con- 
taining potassium  pkimbate;  or  the  cation  Pb"  \s  oxidized  to  the 
ion  (PbC>;j)",  Thiti  action  is  p^i^nerah  All  hydroxids  which  are 
th  aci^lic  and  ba^ic  form  difficultly  solui>le  salt.^  which  arc  soluble 
in  alkalis. 

Lead  cliromate  is  used  in  tlic  laboratory  as  an  oxidizing  agent, 
particularly  in  organic  analysij=i,  takjiifr  the  place  of  copper  oxid.  It 
is  tistnl  ai*  a  pigment  under  the  name  of  chrtme  yellow,    Cologne 

low  te  a  mbctur**  of  lead  chromate  and  lead  sulfate, 

Basic  LeadChfomatep  Pl)0,PbCrO.  or  0<p[^>CrO,,  is  the 

chrome  Tcd  of  commerce.  It  is  obtained  hy  digesting  chrome  ycUow 
with  pntassium  hy<lro^d.  Chrome  orange  m  a  nnxture  of  ciirome 
red  and  chrome  yelJow. 
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Lead  Acetate,  Pb(C2H303)2,3H20,  or  sugar  of  lead,  is  an  organic 
salt,  but  its  importance  justifies  its  description  here.  It  is  the  most 
used  of  all  the  lead  compounds,  since  it  is  easily  soluble,  and  the  lead 
ion  is  freely  separated  in  the  solution.  It  is  prepared  by  the  action 
of  acetic  acid  upon  lead  oxid.  It  is  a  white  crystalline  solid  with 
sweet  taste,  melts  in  its  water  of  crystallization,  and  loses  the  water 
at  100°.  Carbon  dioxid  precipitates  lead  carbonate  from  solution 
of  lead  acetate,  but  the  precipitation  is  not  complete.  The  cloud 
which  appears  when  it  is  dissolved  in  water  is  the  carbonate  and 
may  be  removed  by  adding  a  few  drops  of  acetic  acid. 

Basic  Lead  Acetate,  (C2H302)PbOH,  is  obtained  by  dissolving 
lead  oxid  in  a  solution  of  lead  acetate.  The  solution  is  called  lead 
vinegar  and  is  used  hi  medicine  and  as  a  laboratory  reagent.  It 
contains  free  hydroxyl  ions  and  colors  litmus  blue. 

Lead  Nitrate,  Pb(N03)2,  is  most  readily  obtained  by  dissolving 
lead  oxid  in  nitric  acid:  PbO  H-  2HNO3  =  HjO  +  PbCNO,),.  It 
crystallizes  in  octahedrons  of  specific  gravity  4.47.  It  dissolves  in 
two  parti*  of  water  and  is  decomposed  by  heat  into  PbO,  NO,  and 
oxygen.  It  is  used  in  dyeing  and  calico  printing  and  in  the  manu- 
facture of  chrome  yellow. 

Basic  Lead  Nitrate,  Pb(N03)0H,  separates  in  colorless  cr}^tals 
wIk^ii  a  sohition  of  lead  nitrate  is  boiled  with  lead  oxid.  Several 
other  basic  lead  nitrates  having  a  larger  proportion  of  PbO  have 
been  prepared. 

Lead  Phosphates.— The  normal  lead  orthophosphate/PhjCPO^),, 
is  thrown  down  as  a  white  precipitate  when  sodium  phosphate  is 
treated  with  lead  acetate.  Acid  lead  phosphate?,  HPbPO^,  is 
formed  ]\v  the  action  of  phosphoric  acid  upon  lead  nitrate.  Lead 
forms  several  mixed  ])hosphates,  of  which  the  mineral  pi/romorphite 
is  an  example.,  PbaCPC  ),)2,Pb2ClP04. 

Lead  Carbonate,  PbCOa,  occurs  as  the  mineral  cenissiie  in 
rhoml)ic  crystals  of  specific  gravity  6.46.  It  is  obtained  by  the 
action  of  ammonium  car])onate  or  carbon  dioxid  upon  solution  of 
lead  acetate.  It  is  scarcely  soluble  in  water,  but  dissolves  more 
readily  in  water  containing  car]:>on  dioxid  or  ammonium  salts. 

Basic  Lead  Carbonates. — Lead  has  a  strong  tendency  to  form 
liasic  cai'honates.  Alkali  carbonates  preci])itato  them  frr«a  lead 
nitrate  solution.  They  are  also  formed  by  the  action  of  carton 
dioxid  upon  lead  oxid.     The  action  is  slow,  and  acetic  acid  is  used 
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a  catalytic  agf*nt  to  ba^en  it,  since  lead  acetate  ts  more  easily 
duiJigtxl  I  ban  li'utl  r)xid. 

The  most  iinportant  of  the  basic  carbonates  is  that  known  as 
while  kad.  This  Is  a  mixture  id  whicli  2PbCOiJ-b(HO)3  predomi- 
nates. The  structure  of  this  compound  may  be  expressed  thus: 
Hi )— rb— O— CO— O— Pb— 0— CO— C>— Pb— OH. 

White  lead  is  a  heavy  amorphous  powder,  very  opaque  and 
insoluble  m  water.  Its  principal  use  is  as  a  pigincMt,  anil  for  thiB 
purj>o8e  it  has  no  superior.  It  gradually  darkens  because  of  the 
action  of  the  hycjrogen  &nlfid  of  the  air,  and  lienee  does  not  make  a 
permanent  white.  To  disguise  this  change  lead  paint  is  generally 
tinted  with  light  colors, 

ItAQuficture  of  White  Lead. — Of  !he  varioust  wiethodi!  of  prejmring 
wlvii^'  li^tt*!,  the  oldcT^t  nnd  bcyt  is  thnl  known  u^  tlie  Dvkh  methofi.  Lead 
in  thtii  siici'tj*  is  placed  in  [tois,  the  btjttomH  of  whirh  arc  covered  with 
acetic  ncid  not  in  contact  with  the  lead.  The  potw  are  plnct^  in  heaps, 
each  tier  beiuj:  ttcpitrated  from  the  others  by  boards  and  a  layer  of  spent 
tttiibark,  Uie  wiKjIe  completely  filling  tJie  room  which  contains  it*  The 
ft^rmcntation  of  the  tanbark  i)ro*luce&  heat  and  carbon  dioxidt  The 
ai'i*tic  urid  ia  vaporised  by  the  heat  and  converts  the  lead  into  basic 
lead  acetate: 

2H(C,HA)  +  ^Pb  Hr  O,  =  Pb{CVH,0,),,  PbH.O,. 

The   basic   acctfito   is   rlecomfiosed   by  the  cariK>n  dioxid  with  tJie  for- 
m/ition  t>f  acetic  acid  and  white  lead: 
2(PbcG^lI,Oj),,PbH30,)  +  CO^  +  H,0  =  4C,H,0j  +  2PbC0,,PbH,0j, 

Thus  the  acetic  acid  is  used  over  iuid  over.  The  process  is  slow,  last- 
ing for  three  or  four  months,  Wlien  the  action  is  complete  the  white 
lead  ix  removed,  waiilied  free  from  acetic  acid,  ground  fine,  and  sent  into 
the  trade  tnttier  dry  or  mbccd  with  aln^ut  10  per  cent  of  raw  linaced  oik 

In  the  Tkenard  or  Fn^nx^h  prijces.%  the  ba.sic  acetate  m  obtained  by 
boilinif  lead  oxid  with  lead  acetate  and  then  decomposing  with  carbon 
Soxid, 

lo  the  MjlfHT  process,  lead  oxid,  sodium  chlorid,  and  water  are  ground 
tofcther»  w  hereby  a  lead  ostychlorid  is  fortiiedj  and  this  is  decomposed 
with  carbon  dioxid. 

Lead  Sillcate.^Lead  oxid  and  silicie  oxid  melt  together  to  a 
yellow  glaes»  which  is  no  dtnibt  lead  silicate,  though  no  definit© 
eompound  has  been  separated.    It  is  a  constituent  of  flint  gla 


CHAPTER  XXIX. 

GROUP  IV  A.    THE  TITANOIDS.    TITANIUM  GROUP. 

Titanium  48.  Zirconium  90.  Cerium  140.  Thorium  232. 
The  elements  of  this  group  bear  a  close  resemblance  in  many 
respects  to  carbon  and  silicon.  They  are  qn  the  whole  more  metallic 
and  less  negative,  though  all  but  thorium  form  acids.  The  principal 
valence  is  four,  but  they  act  often  with  the  valence  two,  and  some- 
times with  the  valence  three.  They  all  form  dioxids,  tetrahalids, 
ortho  and  meta  hydroxids,  and  with  the  exception  of  cerium,  fluo 
salts. 

TITANIUM. 

Symbol  Ti.  Atomic  weight  48.  Valence  II  and  IV.  Specific  grav- 
ity 3.0. 

Occurrence. — Titanium  does  not  occur  free  on  the  earth,  but  is  a 
constituent  of  the  solar  atrnosphero.  Combined  it  is  widely  distributed, 
beinj^  found  in  most  rocks  and  in  the  bodies  of  many  plants  and  animals. 
Titanic  iron  ore  contains  ferrous  titanate,  FeTiOj. 

History. — Titanium  was  first  recognized  as  a  distinct  metal  by  Wil- 
liam Mcdrc'^or  in  1701.  It  was  further  investigated  by  Klaproth  in  1795, 
who  named  it  after  the  pod  Titan,  one  of  the  seven  sons  of  Uranus  and 
Gea.     The  oxid  was  ol)tained  pure  by  Rose  in  1S21. 

Preparation. — Titanium  may  be  obtained  by  heating  in  a  covered 
crucible  a  mixture  of  i)otassium  and  potassium  fluotitanate,  and  dis- 
solving out  the  potassium  fluorid  with  water.  Thus  prepared,  it  is  con- 
taminated with  titanium  nitrid.  The  pure  metal  is  obtained  by  heat- 
ing potassium  fluotitanate  in  the  vapor  of  sodium. 

Properties. — Titanium  is  a  dark-gray  amorphous  powder  resembling 
reduced  iron.  It  has  specific  gravity  4.8,  and  when  compact  has  a  me- 
tallic luster.  It  dissolves  in  boiling  water  and  warm  dilute  acids  with 
evolution  of  hydrogen.  It  bums  brightly  when  heated  in  the  air,  form- 
ing the  oxid  and  nitrid,  and  when  heated  in  oxygen  burns  with  explosive 
violence. 
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COMPOUNDS   OF  TITANIUJI. 


Titanium  fonus  numt^rous  compounds  quite  analogous  to  those  of 

siLicon.    The  usual  viileQco  ts  I¥,  but  in  some  compounds  it  is  II,  and 
in  others  appareiiil}^  IlL 

Titftumm  Fluoridj  TiF^,  b  u  fuming  colorless  Uquitl  obtained  by  heat- 
^,jj3g  with  sulfuric  acid  m  u  platinum  vessel  a  mixture  of  calcium  iiuorid 
^ad  titanic  oxid. 

^  FluQ titanic  acid,  HjTiFj,  U  a  s}Tupy  liquid  obtained  by  dissolving 
titanic  ox  id  in  hydroiiuoric  acid.  The  Huotitaaates  are  isomorphouB 
with  the  fiuuisilicatcs. 

Titaaous  CWorid,  TiCl,,  is  a  light-brown  inflammable  powder  ob- 
t«iincd  hy  pa^^inj?  dn-  hydrogrn  over  ideated  TiCl^, 

Titanium  SesquiciUorid,  TijC^,  is  obtained  in  violet  scales  by  heating 
a  mixture'  of  titanic  chlorUl  aoii  hydrogen, 

Titanic  CWorid^  TiO^,  is  harmed  by  direct  union  when  titsmium  ia 
heated  in  i-hlurin,  or  hy  heating  a  mixture  of  titanic  uxid  and  «'arboa 
io  ehlorin.  It  is  a  colorless^  fuming;  mobile  liquid  of  spcciHc  gravity 
1.7G  and  boiling-[»oint  133^  There  are  several  oxychlorids,  of  whicli 
TittJ|(.1i  18  an  e:?£ample. 

Titanic  Bromid,  TiBr,,  igi  ol>tijined  by  heating  a  mixture  of  titanic 
oxid  skQ*\  eariton  in  bromin  v/ii>or.  It  if*  a  yellow  erystalline  isohd  with 
apecittc  gravity  2.6,  melting-point  3^P,  and  boiUng-point  230^. 

Titanic  lodid,  Til^,  ia  obtaintHl  by  Imating  titanium  in  iodin  vapor. 
It  is  a  reddish-brown,  fuming,  brittle  solid  wbieh  melts  at  150^  and  distils 
at  3«j(F. 

Titanmm  Sitlfid,  TiSj,  is  prepared  by  pasging  vapor  of  carbon  disulfid 
QVer  batted  titanie  oxid.     It  forms  yellow  sealer*  resembling  moi«saic  goMi 

Ti  tarn  urn  ITitrids. — Titanitmi  is  one  of  the  few  elements  that  combine 
directly  witfi  nitrogen.  There  s^^ma^  to  be  several  compounds,  of  which 
TiNj  and  Ti^N,  are  the  most  iitiportaot.  They  are  red  or  yellow  metal- 
1  ilcc*  erysl  all  i  n  e  -^o!  i  ds , 

Titanic  Oridp  TiOj^  occurs  f us  three  distinet  niinerab,rj^/j7r,  ftcta-bednte 
(anat««r),  nmi  brook iir.  I? utile  crystnlli^eH  in  modified  squfu'e  pristms 
nrjd  pyraniid.«  ot  rt*ddish  color  imd  specific  gravity  4.25.  Oetahedrito 
cn'*<t  alii  Ties  in  square  <jcto}icdrons  of  bromi  color  and  si:kecifie  gravity 
Ji1x>ut  3 J,  Brook ite  ervi^tallijtes  in  rhombic  primus ,  brown,  yellow,  or 
ttlaek,  and  of  8fK*cjfic  cavity  about  4.2. 

Titanium  Sesquioiid,  TijOj,  is  a  black  solid  obtained  by  beating  the 
dioxid  in  a  crirren*  of  hydrogen. 

OrlhotiLanic  Acid^  H/FiO^p  is  obtained  by  treating  the  hydrochloric* 
ad  solution  o(  titanium  with  an  alkaline  hydroxid.    It  is  a  white  pow- 
ea^ly  soluble  in  acids* 
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Me ta titanic  Acid,  HjTiO,,  is  prepared  by  boiling  acid  solutions  of 
titanic  oxid,  or  by  oxidizing  titanium  with  nitric  acid,  or  by  heating 
the  on  ho  acid  to  140°.     It  is  a  soft  white  powder  insoluble  in  water. 

Titanium  Salts. — Titanium  forms  a  few  salts  corresponding  to  the 
two  oxids.  In  addition  to  these  there  are  titanyl  salts  containing  the 
radical  (TiO)''.     An  example  is  titanyl  sulfate  (TiO)S04. 

ZIRCONIUM. 

Sjinbol  Zr.  Atomic  weight  90.  Valence  II  and  IV.  Specific  grav- 
ity 4.15.     Melting-point  1500^ 

Occurrence. — The  principal  native  compound  of  zirconium  is  the 
mineral  zircon,  which  is  essentially  zirconium  silicate,  ZrSiO^.  The 
gems  hyacinth  and  jargon  have  the  same  composition. 

History. — In  1789  Klaproth  discovered  a  new  earth  in  zircon  and 
called  it  zirconia.  The  element  was  first  isolated  by  Berzelius,  and 
crystallized  zirconium  was  first  obtained  by  Troust.  The  name  is  prob- 
ably Persian  and  means  gold-colored. 

Preparation. — Zirconium  is  prepared  by  heating  a  mixture  of  potas- 
sium fluozirconate  and  potassium,  and  dissolving  away  the  potassium 
fluorid  with  water,  or  by  passing  the  vapor  of  zirconium  chlorid  over 
ignited  sodium. 

Properties. — Zirconium  is  a  gray,  metallic  powder  which  may  also 
be  obtained  in  crystalline  scales  of  specific  gravity  4.15.  It  bums  in 
the  air  and  is  not  attacked  by  acids,  except  hydrofluoric.  It  melts  at 
about  loOO^. 

ZTRrONIUM   COMPOUNDS. 

The  compounds  of  zirconium  are  analogous  to  those  of  titanium, 
though  less  (»asily  formed  and  less  numerous.  Zirconium  is  both  basic 
and  acidic,  the  basic  character  being  a  little  more  marked  than  in  the 
case  of  titanium. 

Zirconium  Fluorid,  ZrF^,  obtained  by  heating  zirconium  oxid  ^N-ith 
ammonium    fluorid,    crystallizes    in    triclinic    prisms    of    composition 

Fluozirconates. — There  is  a  series  of  fluozirconates,  of  which  the  most 
imj)()rtant  is  KoZrFp. 

Zirconium  Chlorid,  ZrCl^,  is  a  white  powder  obtained  by  igniting  in 
chlorin  a  mixture  of  zirconium  oxid  and  carbon.  It  dissolves  in  water, 
forming]:  the  oxyclilorid  ZrOCU. 

Zirconium  Bromid,  ZrBr^,  is  a  white  crystalline  powder  obtained  by 
i^niiting  zirconium  oxid  and  carbon  in  bromin.  It  absorbs  moisting 
from  the  air  to  form  the  oxybromid  ZrOBrj. 

Zirconium    Oxid,  ZrO,,  is  produced  by  the  combustion  of  the  amor 
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'  *§  powder,  or  hartl,  Iran.^parcntj 
\\\  strong  B\jlfuric  and  hydrolluoric 


phpUi*  me  till  It  is  a  wlii 
quatkatj^L!  LTystu!S|  innolublr 
acids.  , 

Orthazirccink  Acid>  H,ZiO^,  and  Mcta^ircomc  Add,  H»ZrOj,  have  l>een 
separalcd  imd  are  repi^^j^euted  in  variaus  zirconates. 

Z'u^oniiim  Sjdts.^-Zirf<jniui«  ft>riMB  eliieHy  zircoiiic  Siilts,  of  which 
exaniiiles  are  zirtomum  isnljatt,  Zr(,*S*J,lj^  zirrofnum  nttmtr^  Zr(XOj)<,  and 
zirciinium  yfUcfdr^  ZrSiO^.  Tlje  last  is  found  in  thi?  native  mineral  zircon, 
which  crj'stallis'.e^  in  ecjuare  ijri&ms  and  pyrainidfl. 

Zirconium  uiso  forni&  componnds  with  auliur,  nitrogenj  and  carbon-. 


CERIUM. 

Byinbol  Cb.  Atomic  weight  140,  Valence  HI  and  I\^  Specific 
gravity  6J,    Melting-point  HOO''. 

Occurrence. — Ceriam  oecnra  m  a  small  constituent  of  many  nainerak, 
usually  anwrirttcd  with  lanthanum^  iron,  and  aluniinum.  It.^  principal 
nrf*  is  iUr  nunt'rnl  fntlrj  which  is  a  more  or  h^  iflipure  cerium  silicate, 
i'eSiO^.     The  rhief  locidity  is  Sweden. 

History.^ In  1803  Klaproth  se|j>arated  a  new  farth  from  a  Swedish 
niinend,  It  was  railed  n  rtawj  from  the  planet  CerrSj  which  ha<i  just  been 
discovered*    Tlie  metal  was  first  prepared  by  Mosander  in  1S26, 

Prflp&ratioa — O^rium  may  be  prepared  from  the  cMorid  by  electrol- 
ysh  or  by  heiiting  it  witli  sodium* 

Properties.— Cerium  is  a  steel-gray  metal,  lustrous,  ductile,  and 
Diallealiie,  and  of  specific  (gravity  6.6  to  OJ.  It  tarnishes  in  moist  aii", 
tnelt^  at  KtK)°,  and  bum*  to  CcOi.  It  also  burns  in  chlorin  and  bromin 
and  in  the  vapors  of  lodin,  sulfufi  and  phosphorus.  It  decompoaca 
water  and  dissolves  in  dilute  acids, 

CERIUM    COMPOTTNDS, 

Osrium  is  decidedly  ba-^ic,  possessing  little  or  no  acidic  charactCT.  It 
Itmnn  two  series  of  com;iounds  cidled  cerous  and  cen'c.  In  the  former 
it  aeenis  to  be  trivalent,  w^hile  in  the  second  it  is  tetravalent*  We  can 
WBke  but  brief  mention  of  the  more  important  compounds. 

Citimti  Oxid,  i\i\f  is  a  green  pow*dei  obtained  by  heating  the  oxalate 

carbonate  in  hydrogen. 

Cerl0  Olid,  CeOj,  la  a  pale-yellow  powder  obt^ned  by  heating  several 
of  the  cerium  salts. 

Cerium  Hydro  Kids,— The  two  hydroxids,  CeH,0,  and  CeOCHO)^,  huve 
prppni^d,  but  do  not  seem  to  possess  marked  acidic  characters, 
and  Sfilts. — Cerium  forms  cerous  and  eerie  halids  and  salta. 
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THORIUM. 

Symbol  Th.  Atomic  weight  232.5.  Valence  II  and  IV.  Specific 
gravity  11. 

Occurrence. — Thorium  occurs  in  small  quantities  in  a  number  of 
rare  minerals.  Its  principal  ores  are  thorite,  orangeite,  and  monazite,  all 
of  which  are  compounds  of  thorium  along  with  various  other  metals. 

History. — In  1828  Berzelius  discovered  a  new  earth  in  a  rare  mineral 
from  Norway  and  named  it  thoria,  after  the  Scandinavian  god  Thor, 
He  separated  the  metal  at  the  same  time. 

Preparation. — Thorium  is  prepared  by  heating  the  chlorid  with 
sodium  or  {X)tassium. 

Properties. — Thorium  is  a  gray  powder,  amorphous  or  crystalline, 
of  specific  gravity  11  and  specific  heat  0.0267.  It  bums  brilliantly  in 
the  air  to  ThO,  and  in  sulfur  vapor  to  ThS,.  It  dissolves  readily  in 
nitric  acid. 

COMPOUNDS   OP  THORIUM. 

Thorium,  like  cerium,  is  almost  destitute  of  acidic  properties  and 
acts  generally  with  the  valence  four.  It  forms  oxid,  hydroxid,  halids, 
and  salts.  Its  compounds  exhibit  a  radioactivity  which  is  attributed 
to  the  hypothotical  eleniont  actinium. 

Thorium  Sulfate,  Th(S()^).„  <ibtained  by  dissolving  thorium  oxid  in 
sulfuric  acid,  crystallizes  with  varying  quantities  of  water  according  to 
the  teniiKTature. 

Thorium  Nitrate,  Th(X03)4,r)H20,  is  a  very  soluble  salt  obtained  by 
dissolvinf]^  thorium  oxid  in  nitric  acid.  It  is  used  in  the  preparation  of 
mantles  for  incandescent  gas  burners.  The  mantles  made  of  cotton 
thread  an*  dipped  in  a  solution  of  thorium  nitrate  and  dried.  On  being 
ignited,  the  thread  burns  away,  leaving  a  coherent  framework  of  thorium 
0x1(1.  When  this  is  rendered  incandescent  by  a  Bunsen  flame,  it  emits 
a  brijiht  white  light.  The  addition  of  one  per  cent  of  cerium  oxid  renders 
the  mantle  more  powerfully  luminous. 

Note. — Professor  Charles  Baskerv'ille,  lately  of  the  University  of 
North  Carolina,  now  of  the  College  of  the  City  of  New  York,  has  recently 
publishiHi  the  results  of  investigations  which  lead  him  to  the  conclusion 
that  thorium  is  a  complex  substance  with  at  least  three  constituents. 
Retaining  the  name  Thorium  for  the  one,  he  suggests  for  the  other  two 
Berzelium,  for  Berzelius,  the  discoverer  of  thorium,  and  Carolinium,  for 
the  GaroUnas,  where  the  thorium  ores  are  found.  The  provisional  atomic 
weights  are  Cn  212,  Tr  220,  and  Bz  256. 


CHAPTER  XXX, 


THE  ATMOSPHEHE. 


Defiiiitioii,^The  term  atmosptere  (Greek,  va^^  -  s])here)  is 
applied  tii  the  gaaeous  envelope  which  sorroundg  the  earth.  The 
term  air  (Greek,  aer)  indicates  any  portion  of  the  atmosphere.  We 
say  a  vessel  is  filled  with  air.  not  with  atmosphere.  The  older  chem- 
ists  used  the  w^ord  air  in  the  sense  iii  which  we  use  the  word  gas. 
Hydrogen  was  inflammable  air;  ammonia,  alkaline  air;  carbon 
dio^tid,  fixed  air;  oxygen,  dephtogisticated  air. 

Occurrence  and  Limits,— The  air  surrounds  the  earth,  pene- 
trates rocks  anil  soils,  and  descends  toward  the  earth's  center  as 
far  as  cracks  and  crevices  permit-  Upwards  the  air  diminishes 
rapidly  in  density  so  that  one  half  of  it  by  weight  lies  within  three 
and  a  half  miles,  and  three  fourths  of  it  within  ^ren  mOes  of  the 
surface.  At  the  height  of  fifty  miles  it  has  become  so  rare  as  not  to 
»fff*ct  light  rays,  but  metcHTirie  and  electric  phenomena  show"  its 
presc^nce  at  a  distance  of  200  miles  fromthe  surface  of  the  earth. 

History. — ^Accurate  investigation  of  the  properties  of  the  atmos- 
phere began  with  Torricelli,  who  m  1643  show^ed  that  the  air  had 
weight  and  that  the  mercury  coliimji  in  the  barometer  is  supported 
by  atintTSpheric  pressure.  Lavoisier  show^ed  in  1772  that  combus- 
tion was  supported  by  some  constituent  of  the  air,  and  in  1775 
proved  this  to  be  oxygen.  Cavendish  in  1781  found  the  main  con- 
lit  uents  to  be  oxygeji  and  nitrogen.  Carbon  dioxid  and  water 
were  early  recognized,  and  since  1894  five  other  gases  have  been  dis- 
sovercd  irj  the  atmosphere:  vh.,  helium,  neon,  argon*  ki^ton,  and 
cenon.  Otiier  early  investigators  o(  the  atmosphere  were  Priestley, 
Iloyle,  Bimaen,  Stahh  Regnault,  Pascal,  Prout,  Gay-Lnssac,  Th^ 
Rnmner^   Humlinldt,    Davy,    Duiiiaa,    BouMnganlti   Angus 

ith,  and  many  others, 
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Air  a  Mixture. — That  the  constituents  of  the  air  are  simply 
mixed,  and  not  chemically  combined,  is  proved  by  the  following 
considerations : 

1.  They  do  not  occur  in  atomic  proportions^ 

2.  A  mixture  of  nitrogen  and  oxygen  in  the  same  proportion  exhibits 
the  properties  of  air. 

3.  When  such  a  mixture  is  made  there  is  no  evidence  of  chemical 
action,  such  as  heat,  change  of  volume,  etc. 

4.  The  gases  dissolve  independently  and  in  different  quantities  in 
water. 

5.  When  air  diffuses  through  a  porous  partition  the  nitrogen  passes 
more  rapidly  than  the  oxygen. 

6.  The  oxygen  may  be  removed  by  oxidizing  agents,  leaving  the  nitro 
gen. 

7.  We  are  familiar  with  the  compounds  of  nitrogen  with  oxygen,  and 
their  properties  are  not  those  of  the  air.     Aj  tY^    ArO^^v^  ^Oj^ 

Composition  of  Air. — The  composition  of  the  air  varies  slightly 
with  locality,  season,  latitude,  and  elevation.  Being  a  mixture  its 
constituents  are  liable  to  local  variations,  and  it  receives  all  sorts  of 
impurities — solid,  liquid,  and  gaseous. 

Air  is  primarily  and  mainly  composed  of  nitrogen,  oxygen,  argon, 
carbon  dioxid,  and  water  vapor.  In  proportion  the  first  three  are 
almost  invariable,  the  fourth  varies  slightly,  and  the  last  varies 
within  rath(T  larpjo  limits.  The  following  may  be  taken  as  the 
average  composition  of  dry  air  : 

BY   VOLUME.  BY    WEIGHT. 

Nitroji:^!! 78.4  per  cent.  75.95  per  cent. 

Oxvfrcn 20.94       "  23.10 

Arjron 03       "  .90       " 

Carhon  dioxid 03       "  .05       *' 

To  tliosc  must  be  added  the  moisture  which  is  uniformly  present, 
and  <iuaiititi('s  scarcely  weighable  of  helium,  neon,  kr\'pton,  and 
xenon.  Further,  there  are  almost  always  present  traces  of  ozone, 
ammonia,  and  nitric  acid,  besides  the  numerous  impurities. 

Nitrogrn  constitutes  a  little  more  than  three  fourths  of  the  atmos- 
phere, and  the  al)solute  (juantity  remains  almost  unchanged.  It 
takes  no  part  in  chemical  processes,  but  serves  to  dilute  the  oxygen 
ami  make  it  less  active.  It  is  oxidized  in  very  small  quantities  bv 
active  coni])nstion.  by  the  li.ditninfj-stroke.  and  by  ozone. 

Oxygen  is  the  active  element  in  the  air  of  which  it  composes 
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nearly  one  fourth.  It  aipports  life,  combustion,  and  oxidation^  and 
is  til  us  ciiiujtantly  being  consume  J;  but  it  Is  ml  frec^  again  in  v  a. nous 
native  cht'uucal  processt'S,  notably  in  the  leaver  of  plants,  so  that 
the  proportion  in  the  air  rcniaina  alxmt  the  same  from  year  to  year. 

Argon  constitutes  a  little  les^  than  one  per  cent  of  the  air,  anil, 
Uke  nitrogen,  is  wholly  inert.  The  other  recently  discovered  gases 
are  pntsent  in  quantities  tO(j  suLall  to  be  noticeable. 

Carbon  dioxid  m  an  important  constituent  of  the  air,  although  its 
proportion  is  less  than  one  twentieth  of  one  per  cent.  Its  sources 
are  conibustion,  respiration,  fermentation,  antl  decay.  It  is  ^vashed 
out  by  raioB  and  Ls  absorbed  by  tlie  leaves  of  plants  to  be  used  in 
ertarch-maktng.  The  ]3roduction  and  consumption  balance  one 
another  so  that  the  quantity  remains  almost  unchangetb 

Wfxkr  m  the  most  variable  const  it  uen  t  t>f  the  atnn  ^sphere.  When 
the  air  contains  all  it  will  h<jld  it  is  said  to  be  saturated,  or  at  the  deio- 
pmnt.  When  the  temperature  of  saturated  air  is  lowertMl  the  water 
♦coudenscB  in  the  form  of  mist,  rain,  or  dew.  Air  is  said  to  be  damp 
or  dry  according  to  its  nearness  to  saturation.  The  quantity  of 
"  mter  is  indicat^^d  in  a  rougli  way  by  hygrf)meters,  and  may  be 
curately  determined  by  passing  a  niefusnred  vt»lume  of  air  through 
a  drying-tube  and  noting  the  tnlx^'s  increase  in  weight. 

Tlie  quantity  of  water  which  is  required  to  saturate  one  cubic 
meter  of  air  at  various  temperatures  is  as  follows: 

At  -  10^  2.28  grams.    At  ICT    9.,%  giams.     At    30°    30.10  grams. 
At        0^  4.87  gi'iims.     At  20°  I7d6  gi-ams.     At  100°  588.7:^  gramii. 

One  cubic  mile  of  air  saturated  at  35^  will  deposit  14<),0O0  tons 
of  wattT  when  cooled  to  0°. 

Ozone  is  formed  by  processes  of  decay;  evaporation,  slow  com- 
bimtlon.  and  electric  action.  It  U  consumed  again  in  the  oxidation 
of  organic  matters  and  is  therefore  a  purifying  agent.  It  is  most 
abundant  in  eountry  and  mountain  air  and  on  the  sc»a,  Hydmgen 
peroxid  is  also  present  in  the  moistum  of  the  air  and  some  of  the 
effei'ti=;  umially  attributed  to  ozone  are  probalily  due  to  it. 

Ammonia  m  almost  uniformly  found  in  traces  in  the  air.  It 
ff^ilta  from  organic  decompositions  and  is  removed  by  ozone  and 
water. 

NUrk  ami  occurs  in  tlie  air  in  traces  mainly  as  nitrates.    It  is 

Ie  to  the  o3ddation  of  nitrogen,  is  washed  out  by  the  rains,  and 
[mshes  fiMjd  to  the  plants. 
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Impurities. — ^The  air  is  liable  at  all  times  to  be  contaminated. 
A  common  impurity  is  gases  which  result  from  the  decay  of  organic 
matters.  These  are  mostly  ammonium  and  sulfur  compounds,  and 
to  them  bad  odors  are  usually  due.  The  vapors  of  volatile  liquid^ 
dust,  organic  and  inorganic,  bacteria  and  disease  germs  are  lifted 
by  the  winds  and  float  in  the  air  everywhere. 

The  air  purifies  itself,  and  the  safest  sanitary  means  are  those 
which  prevent  contamination  rather  than  those  which  look  to  puri- 
fication. 

Analysis  of  Air. — Tlie  determination  of  the  relative  amounts  of  the 
two  main  constituents  of  the  air  has  engaged  the  attention  of  many 
chemists.  Two  methods  have  been  used.  The  first  is 
called  eudiometry,  or  measure  of  goodness.  The  opinion 
was  that  the  amount  of  oxygen  varied,  and,  as  it  was 
the  supporter  of  life,  that  its  measure  was  the  measure 
of  the  goodness  of  the  air.  A  graduated  eudiometer 
tube  is  filled  with  air  over  water  and  the  volume 
noted.  Nitrogen  dioxid  is  added  until  the  oxygen  is 
all  removed  and  the  residual  volume  is  measured  as 
nitrogen,  while  the  decrease  in  volimie  represents  the 
oxygen.  Instead  of  NjOj  hydrogen  may  be  used.  A 
quantity  of  air  is  introduced  into  a  bent  eudiometer 
tube  filled  with  mercury  (Fig.  58).  The  mercur}'  is 
brought  to  the  same  level  in  the  two  arms  of  the  tube 
and  the  volume  read.  An  excess  of  hydrogen  is  now 
intrcxhiced  and  the  volume  again  read.  The  hj'drogen 
and  oxv'^eii  are  made  to  unite  by  a  spark  from  aRuhm- 
kof  coil.  The  loss  in  volume  is  tlu-ee  times  the  volume 
of  the  oxytjen  in  the  air  used.  Correction  must,  of 
course,  be  niad(»  for  temi)erature,  pressure,  and  vaix)r 
"  tension  of  wat(T.  According  to  these  determinations, 
averajre  air  contains  by  volume:  Oxygen  20.96  parts, 
and  nitroo:pn  and  other  ^ases  70.04  parts. 

Tlu*  second  and  more  accurate  method  i*«  that  of  Dumas  and  Bou- 
sinpault.  Air  from  which  water  and  carbon  dioxid  have  been  removed 
is  drawn  over  luxated  (^ojijxt  into  a  vacuous  f^ohe.  The  increase  in  weight 
of  the  co])per  is  the  amount  of  oxygen  which  was  mixed  with  the  amount 
of  nitro«ren  n^presented  by  the  increase  in  weight  of  the  globe.  Air  was 
thus  foimd  to  contain  by  wcMjrht:  Oxygen  23  parts,  and  nitrogen  and 
other  ^jises  77  parts. 

Ariron  may  be  separated  fron^  the  air  by  processes  which  have  already 
been  described. 


Fig.  i.>^. 
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Tlje  presence  of  carbon  dioxid  is  shoi^Ti  by  tJie  precipitate  of  calcium 
carbonate  formed  when  air  is  drawn  through  Lira t-^- water*  The  quiuiti- 
tative  determination  b  madn  hy  drawing  a  given  vohirtie  of  dried  air 
tUroiigb  u  potash  bulb  and  noting  the  bulb*s  increase  in  weight. 

Moisture  1*^  shown  by  cooling  jiir.  Tlie  dew  on  a  ve^el  of  ice-water 
IB  &n  illustration*  It  is  qijantitati%^cly  determined  by  drawing  a  meas' 
ured  volume  tliroogh  a  de^sieca ting-tube  and  noting  the  tubers  increaae 
in  weight. 

AmiiKifiia  and  ammonium  compounds  are  shown  by  the  yellow  color^ 
or  precijiiiate,  caii&f^d  wiien  air  is  drawn  through  Nessler's  solution. 

Sulfur  compounds  blacken  paper  moistened  with  solution  of  lead 
fi€<^tat«. 

Dust  and  other  solid  fjarticles  are  made  visible  when  a  beam  of  dec* 
trie  or  calcium  light  is  passed  through  the  air. 

Physical  Properties  of  Air*— Air  has  the  ordinary  physical 

iperties  of  its  gaseous  constituents.  It  is  a  bad  ronductnr  of  heat 
id  electricity  when  dry*  better  when  moist.  A  liter  weigh.^  under 
standard  conditions  L293  granis.  ItM  average  pressure  at  sea^Ievel 
18  760  millimet-ers  of  mercury.  It  is  transparent  mul  cohirless,  but 
when  5teen  through  great  depths  has  a  blue  or  gray  color,  due  to  the 
interference  of  suspended  solid  particles  with  light.  It  Ls  very  mov- 
able, and  changes  of  temperature,  causing  changes  of  density^  pro- 
duce currents  which  appear  as  winds,  storms,  cyclones,  etc. 

At  low  temperatures  air  becomes  a  liqiud  mixture  of  nitrogen 
and  oKygen,  carbon  dioxid  and  argon  separating  as  solids.  On 
etanditig  lic}uid  air  loses  nitrogen  more  rapidly  than  oxygen  until  the 
residue  contains  93  per  cent  of  oxygen  and  boils  at  — 183^.  Liquid 
air  is  tlierefore  practically  liquid  oxygen  and  has  a  bluish  color.  In 
oniinar>^  vessels  it  boib  aw^ay  rapidly,  but  in  vacuum-jacketed 
flanks  it  remains  qtiiet,  evaporating  slowly.  Two  liters  may  be  thus 
kept  for  ton  or  fifteen  days*  losing  only  abotit  1()0  cc.  a  ilay. 

Chemical  Properties  of  Air*— The  active  element  in  the  air  is 
oxygen,  and  ita  chemical  properties  are  those  of  this  gas  moderated 
in  degree  t>y  its  dilution  with  nitrogen.  Its  chemical  actions  are 
greatly  assisted  by  the  presence  of  moisture,  hydrogen  peroxid,  and 
ozone. 

Liquid  Air. — ^Lind<?*s  apparatus  fcir  liquefying  air  consists  essentially 
nf  a  pump  (P),  a  cooler  U),  a  double  spiral  tube  surrounded  with  non- 
r/induettng  material  f/iXand  a  re&er^^oir  for  the  liquid  (T).  Tlie  double 
tube,  w  hich  is  fleveral  hundred  feet  long,  is  so  arranged  that  the  air  in 
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the  inner  tube  is  subjected  to  a  pressure  of  200  atmospheres,  while  the 
pressure  in  the  outer  tube  is  only  20.  The  pump  draws  air  from  the 
outer  and  forces  it  into  the  inner  tube.  The  air  passes  through  the 
cooler  to  remove  the  heat  due  to  compression,  and  is  then  allowed  to  flow 
through  a  cock  (/?)  into  the  reservoir, 'where  it  is  cooled  by  its  sudden 
release  from  pressure  and  its  rapid  expansion.  In  a  little  while  the  air 
reaches  the  liquefying  temperature  and  slowly  collects  in  the  receiver, 


Fig.  69. — Linda's   Apparatus  for  Liquefytng  Air.     (From  the  Scientific 

Amerir/t/i,  ]>y  permission.) 

from  whicli  it  nuiy  bo  drawn  througli  the  faucet  (F).  More  air  is  admits 
tod  undor  i)ros.suro  as  it  is  roquirod.  The  cloudy  liquid  is  filtered  from 
tlio  frozon  carbon  dioxid  and  ar^on. 

Illustrations. — Many  curious  and  interesting  experiments  may  be 
made  witli  licjuid  air.  Imniorsod  in  it,  rubber  becomes  brittle,  lead  sono- 
rous; a  ^l()\vin<i:  splinter  bursts  into  flame,  notwithstanding  the  low  tem- 
perature: mercury,  eth(T,  alcohol,  and  carbon  dioxid  are  quickly  frozen. 
If  a  vessel  of  it  be  j^laced  on  a  block  of  ice  the  liquid  l>oils  away  rapidly. 
Immerse  in  the  li(]iiid  a  wire  or  tube  through  which  city  gas  is  passing 
to  a  burner  and  tlie  color  of  the  flame  gradually  fades,  because  all  the 
gases  except  hydrogen  have  been  frozen  in  the  tube. 

Much  has  been  said  about  the  applications  of  liquid  air  in  the  arts, 
but  so  far  its  use  is  mainly  limited  to  the  securing  of  loiv  temperatures 
for  scientific  purposes. 

Uses  of  Air. — The  uses  of  the  air  are  manifold.  It  supports  life 
and  combustion,  conveys  moisture  from  sea  to  land,  and  deposits  it 
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as  rain.    It  finds  many  minor  applications  as  a  mechanical  agent 
in  the  arts. 

Ventilation. — Air  is  liable  to  be  contaminated  with  the  gases 
which  come  from  fires,  from  the  body,  from  the  lungs,  and  from  the 
walls  of  houses.  Air  that  has  been  once  breathed  is  not  fit  to  be 
breathed  again,  and  will  scarcely  support  combustion.  Its  content 
has  been  reduced  in  oxygen  and  increased  in  carbon  dioxid  about  4.5 
per  cent,  and  besides  it  contains  organic  matters  from  the  lungs, 
mouth,  teeth,  ete.  It  is  necessary,  therefore,  to  secure  systematic 
ventilation  of  rooms  occupied  by  man.  This  is  usually  effected  by 
taking  advantage  of  the  change  of  density  caused  by  change  of  tem- 
perature. The  chimney  not  only  carries  off  the  products  of  com- 
bustion, but  also  removes  bad  air  and  draws  in  fresh  air.  A  most 
excellent  ventilating  agent  is  the  wind.  An  open  window  on  the 
leeward  side  of  the  house  causes  a  free  circulation  of  air  without  hurt- 
ful currents. 

Illustration. — Displace  the  water  from  a  cylinder  on  the  water  cis- 
tern with  air  from  the  lungs,  remove  the  cylinder  quickly  and  insert  a 
lighted  taper.    The  flame  is  extinguished. 
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History. — Fire  was  known  to  prehistoric  mati  and  charcoal  is 
associated  with  his  early  remains.  In  ancient  days  fire  became  the 
center  around  which  gathered  the  nation,  the  tribe,  and  the  family. 
It  was  an  object  of  worship  and  the  saered  fire  wa^  kept  at  the 
pubUc  expense.  The  t-emple  of  Vesta  had*  no  ima^^  since  the  fire 
was  regarded  as  the  goddess  herself. 

The  true  nature  of  combustion  was  not  known  until  the  dis- 
covery of  oxygen  by  Priestley  in  1775.  From  the  seventeenth  cen- 
tury up  to  that  time  the  phlogiston  theory  had  prevailed,  A  com- 
bustible was  supposed  to  be  a  compound  of  some  element  with  s 
substance  catled  phlogiston,  which  in  the  process  of  eombustioa 
escaped,  leaving  the  pure  element  in  the  form  of  a  calx^  On  heating 
the  calx  with  a  substance  rich  in  phlogiston  the  original  substance 
was  obtained.  After  the  discovery  of  oxygen  it  was  proven  by  the 
investigations  of  Stahl,  Scheele,  and  others  that  (1)  oxygen  acceler- 
ates combusti<3n  and  (2)  the  calx  is  heavier  than  the  substance  from 
which  it  is  obtained.  These  discoveries  caused  the  overthrow  of 
the  phlogiston  theor>\ 

Definitional-Combustion  may  be  defined  in  general  as  a  rapid 
chemical  action  accompanied  by  light  and  heal.  In  the  ordinary  and 
linuted  sense  it  means  union  vnXh  oxygen. 

The  €onibuMU)h  is  that  which  bums.  It  may  be  solidj  liquid,  or 
gas.  Examples  are  coal,  wood,  rock-oil,  alcohol,  city  gas,  liydro- 
gen.    The  ordinary'-  combustibles  are  organic  matters. 

The  supports  of  combustion  is  that  mth  which  the  combuirtih 
unites,  and  is  ordinarily  oxygen  gas.  It  may,  however,  be  a  Uquid 
or  a  solid.  When  heated  charcoal  bums  upon  fuming  nitric  acid 
the  acid  is  the  supix>rter  of  combustion,  since  it  suppUes  the  oxy| 
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So  also  two  solids,  as  phosphorus  and  iodin,  may  burn  together, 
and  here  either  is  the  combustible  or  the  support^x  of  comb\iBtion- 
ih^n  a  jet  of  gai*  bums  in  air  the  gas  is  the  conibuBtible,  but  a  jet 
'  air  burns  equally  well  in  an  atm*>sphere  of  the  gas. 

Illustration,^Let  city  gfae  (iow  from  a  funnel^hai:K?d  glass  tube  in- 
lin«»d  downward.    Ignite  the  escaping  gas  and  pass  into  it  a  jet  of  air 
or  oxygen.    The  jet  continues  to  burn . 

Eifldling  Temperature.— It  i^  a  matter  of  ordinar}'  ob&en^alion 
bat  most  bodies  must  be  heated  before  they  wiM  take  fire.    The 
Dint  at  which  the  rapid  combustion  sets  in  is  called  the  kindling 
%perQluref  or  temperature  of  ignition.     Phosphorus  ignites  at  40^, 
irbon  diBiiltid  at  149"',  gulfur  at  260°,  wood,  eoal,  gas,  and  the 
ordinaiy  combustibles  a^  red  heat.    Combustion  will  continue  only 
the  heat  of  the  action  is  sufficient  to  keep  the  burning  body 
3ve  the  kindling  temperature. 

A  flame  will  not  pass  through  a  small  aperture  or  a  wire  gauze 

cause  the  temperature  of  the  gas  within  the  openings  is  below  the 

iting  point.     When  the  gauze,  however,  becomes  red-hot  it  sets 

to  the  gas  beyond.    This  is  the  principle  of  the  Davy  safety- 

ip  used  by  miners.    The  lamp  is  surrounded  by  a  hood  of  fine 

gauze.    When  it  comes  within  an  atmosphere  of  ejtplosive  or 

runable  gm,  that  within  the  hood  explodes  or  bums,  while  that 

ithout  does  not  ignite.    The  miner  is  thus  warned  of  his  dangerous 

Ituation  and  retires, 

lUustratiofL— Bring  down  upon  a  gas-flame  a  wire  gauze  and  note 
tiat  Ihune  does  not  pass  through*     Extinguish  the  flame  and  light  it 
:)rjve  tbe  gitiixe ;  it  does  not  bum  below.    Move  the  gauze  upwards  and 
tlie  rtarae  ia  extinguished » 

Temperature  of  Combustioii. — The  temperature  of  combustion 
js  usually  considerably  above  the  igiii ting-point  and  depends  upjon 
tie  rapidity  of  the  action  and  the  nature  of  the  combustible.    A 
eicamples  will  illustrate  ; 

Gas-flame,  1200°.  Hydrogen-flame,  2024°. 

Bufieen-flame,  1300°  to  1500°,  oij'hydrogen-flame,  2844^ 

Charcoal-fire,  1400°  to  1600^,  EJectric-furaace,  above  3000^, 
Blast-fumace,  1800**. 

Heat  of  Combustion. — The  heat  of  combustion  depends  upon 
be  nature  of  the  combustible  and  is  independent  of  the  rapidity  of 
ie  action^    A  ton  of  coal  yields  the  same  quantity  of  heat  whether 
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it  bums  in  an  hour  or  in  a  day.    The  heat  of  combustion  of  hydrogen 
is  greater  than  that  of  any  other  substance. 

Rapidity  of  Combustion. — ^The  rapidity  of  combustion,  and 
hence  the  temperature,  depends  upon  the  nature  of  the  combustible 
and  the  supply  of  ,air  or  oxygen.  The  oxidation  may  take  place 
so  slowly  as  to  evolve  but  little  heat  and  no  light.  It  is  then  called 
slow  combustion.  Examples  are  the  slow  oxidation  of  phosphorus, 
the  rusting  of  iron,  and  the  decay  of  organic  matters.  Sometimes 
by  slow  combustion  the  temperature  of  the  mass  is  gradually  raised 
xmtil  it  reaches  the  kindling-point,  when  the  body  takes  fire.  This 
is  called  spontaneous  combustion  and  is  liable  to*  occur  in  heaps  of 
oily  rags,  wool,  damp  hay,  etc. 

The  rapidity  of  combustion  is  increased  by  a  more  abundant 
supply  of  air,  as  in  the  blast  flame,  or  by  finely  dividing  the  com- 
bustible. If  a  powdered  solid  be  mixed  with  air  it  will  bum  rapidly, 
even  explosively.  Finely  divided  lead,  iron,  and  other  metals  bum 
spontaneously.     Liquid  fuel  is  atomized  in  a  blast  of  air. 

Explosives. — ^These  are  of  two  kinds:  (1)  intimate  mixtures. of 
the  combustible  and  the  supporter  of  combustion ;  and  (2)  unstable 
chemical  compounds,  usually  solid  or  liquid,  which  contain  within 
the  same  molecule  atoms  which  are  rearranged  in  the  explosion  to 
form  gaseous  compounds.  In  either  case,  when  the  mass  is  ignited 
the  art  ion  runs  rapidly  through  it,  producing  suddenly  a  large  volume 
of  gas  with  explosive  effect. 

To  the  first  class  l)elong  all  explosive  mixtures  such  as  (1)  com- 
buslil^le  gases  with  air  or  oxygen;  (2)  combustible  solids  or  liquids 
with  oxidizing  agent.s  (gunpowder);  (3)  finely  divided  solids  or 
H(iui(ls  with  air  or  oxygen.  Flour  dust  in  niilLs  sometimes  burns 
with  t(Trific  explosions,  (iestroying  the  buildings. 

To  the  second  class  })elong  such  substances  as  nitrogen  iodid,  gun- 
cotton,  and  nitroglycerin  (dynamite).  Nitroglycerin,  C3H5(N05)s, 
is  a  li(|uid  whose  molecule  contains  carbon,  hydrogen,  and  oxygen  in 
about  the  ])roportion  in  which  they  unite  to  form  carbon  dioxid  and 
wat(M'  together  with  nitrogen,  which  is  set  free  as  a  gas.  Its  high 
explosive  character  depends  upon  its  rapid  decomposition  and  the 
sudd(ni  formation  of  a  very  large  volume  of  gas. 

Products  of  Combustion.— The  products  of  combustion  are  of 
two  kinds,  physical  and  chemical.     The  physical  products  are  light 
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ad  heat.    The  ligbt  is  mainly  due  to  the  incandeseence  of  solid 
particles.     Tbt'  heat  is  due  to  the  chemical  action. 

The  cheniirtal  products  of  combustion  are  the  oxids  of  those  ele- 
ments wliich  are  found  in  the  combustible.  Iron  bums  to  iron  03dd, 
le&d  to  lead  oxid,  hydrogen  to  hydrogen  oxid,  hydrogen  pho&phid  to 
phosplitjrie  oxid  and  water,  and  carbon  disulfid  to  carbon  dioxid  and 
sulfurous  oxid.  Most  combustibles  are  compounds  of  caibon,  hy- 
drogen, and  oxygen.  They  bum  therefoi-e  to  carbon  dioxid  and 
water,  the  oxygen  sintply  taking  part  in  the  action.  Alcohol,  for 
example,  bums  as  follows: 

CH.O  +  O,  -  X^O,  +  3H,0. 

Since  water  and  eati>tjn  dioxid  are  both  colorless  gases  at  the  tem- 
perature of  the  combustion  tliey  pass  away  unseeti  and  the  sub- 
stance is  said  to  bum  up  or  be  destroyed.  If  these  products  are 
collected  and  weighed  it  mil  be  found  that  there  is  no  loss,  Ash  is 
conjp43sed  of  solid  oxids  and  incombustilile  mineral  matters* 

Flame  is  produ ce<l  by  burning  gas*  If  a  body  is  not  gaseous  and 
not  volatile  it  burns  without  flame  or  simply  glows,  a*s  in  t!ie  case  of 
irc»n,  copper^  and  carbon.  If  a  solid  or  liquid  is  volatile,  or  If  an 
intermediate  volatile  prwluct  is  formed,  the  combustion  i^  aecom* 
panieii  by  flame. 

Color  of  Flame,— Each  combusMIiIe  substance  gives  a  flame 
color  which  is  more  or  less  characteristic.  The  flame  of  hydrogen  is 
eolfirlcis^,  that  of  compounds  of  carbon  and  hydrogen  is  yellow, 
8idfur  and  carbon  monoxi*.l  blue,  cyanogen  peach -blossom,  phos* 
pborus yellow.  Metals  burn  with  and  impart,  to  flames  characteristic 
colorB:  soriiiun  yellow,  potassium  violet,  barium  green,  strontium 
crimson »  copjjiT  green,  iron  red. 

Luminosity  of  Flames*— The  himinosity  of  flame«^  seems  to  be 
mainiy  due  to  the  presence  of  heated  solid  particles.  It  is  also 
dejwndeni  upon  temperature  and  preasure,  increase  of  either  of 
wliich  makes  the  flame  liright^r.  In  a  few  luminotis  flames  thers 
stH'ms  to  tie  no  solid  matter,  as  when  phosphonis  or  arsenic  burna 
in  oxygen. 

Tlie  luminosity  of  flames  is  increased  (1)  by  increase  of  density 
of  the  irits;  (2)  by  elevation  of  temperature;  (3)  by  introduction  of 
infusible  solids. 
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1.  In  general  the  denser  the  gas  the  more  luminous  the  fiame.  The 
flame  of  hydrogen  is  pale,  that  of  acetylene  very  bright.  Under  pressure 
the  hydrogen  flame  becomes  liuninous  and  the  flames  of  other  gases  are 
made  brighter. 

2.  When  gases  are  heated  before  they  enter  the  burner  they  emit 
more  light.  Substances  bum  in  oxygen  more  brilliantly  than  in  air 
because  the  temperature  is  higher. 

3.  The  third  principle  is  illustrated  in  the  ordinary  gas  or  candle- 
flame,  in  the  lime-light,  and  in  the  Welsbach  burner.  The  light  of  the 
candle-flame  is  mainly  due  to  incandescent  particles  of  carbon  set  free 
in  the  zone  of  incomplete  combustion.  In  the  lime-light  the  oxyhydro- 
gen-flame  plays  upon  a  cylinder  of  lime,  raising  it  to  a  white  heat  and 
making  it  brilliantly  luminous.  In  the  Welsbach  burner  a  Bunsen-flame 
is  surrounded  with  a  mantle  of  infusible  oxids  of  metals,  chiefly  thorium 
and  cerium.  The  heated  oxids  emit  a  very  bright  and  pure  white  light 
To  prepare  the  mantle,  a  mantle  of  cotton  thread  is  immersed  in  a  solu- 
tion of  the  nitrates  of  the  metals,  then  dried  and  burned,  when  a  deli- 
cate, fragile  skeleton  of  the  metallic  oxids  remains.  The  electric-light 
is  due  mainly  to  the  intensely  white-hot  carbon. 

Structuro  of  Flame. — ^The  ordinary  gas  or  candle  flame  has 
three  parts: 

1.  The  outer  pale-blue  envelope, — This  consists  of 
gas  in  a  state  of  complete  combustion.  It  is  scarcely 
luminous,  because  it  is  dihitcd  and  cooled  by  the  influx 
of  air  and  contains  no  free  particles  of  carbon. 

2.  The  m  1(1(11  e  or  hnyiinous  cone. — This  consists  of 
gas  in  rapid  combustion  at  a  high  temperature,  but 
with  an  insufTlcient  su])ply  of  air.  so  that  a  portion  of 
the  carbon  remains  for  a  time  unburncd  and  emits  the 
light. 

3.  77?r  inner  dark  cone,  which  consists  of  gas  not 
yot  i<^nito(l  because  it  has  not  reached  the  kindling 
tomperaturo  or  is  not  sufficiently  mixed  with  air. 

Illustrations. — Ih^ld  a  match-stick  across  the  flame  so  that  it  cuts 
the  inner  cone.    Tt  cliars  in  two  places,  with  an  unburnt  portion  between. 

I.f)W(T  a  sJKM^t  of  [>aper  well  down  into  the  flame  and  remove  it  before 
it  ipiitcv-^.     The  charred  portion  is  in  the  form  of  a  ring. 

Insert  the  liead  of  a  match  q\iickly  into  the  inner  cone.  By  a  little 
dexterity  the  match  may  be  removed  with  the  head  unburnt,  after  the 
portion  of  tlie  stick  which  was  in  the  outer  flame  is  charred  through. 

Arranjre  an  inclined  jrlass  tube  so  that  its  lower  end  is  in  the  inner 
cone.     The  ^as  may  be  lighted  at  the  upper  end  of  the  tube. 
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The  BuDsen  Flame.^In  the  Bunsen  burner  air  is  admitted 
below  and  lhoroiighl\'  mixed  with  the  gas  in  proper  proportions,  so 
tliot  active  combiistion  takes  plaoe  through- 
out the  whole  flame,  wliit;h  is  nearly  non-Uimi- 
nous  and  has  the  eliaractor  of  the  outer  eoat  of 
the  eoimnon  flame.  If  too  raiich  air  is  ad- 
mitted the  mixture  beeomes  explosive  and 
the  flame  nmsdo\\7i  to  the  base  of  the  burner, 
when  it  must  be  extinguished  and  relightetL 

The  non-luminosity  of  the  BnnBen  flame 
is  mainly  due  to  the  complete  combustion  and 
the  dilution  of  the  gas  with  the  inert  nitrogen ; 
possiljly  also  to  the  cooling  effect  of  the  air. 
Other  gn^f}Sf  such  a^  nitrogen,ox}^gt»n,and  car- 
bon dioxid,  act  in  the  same  way  a^  air. 

The  temperature  of  the  Bunsen  flame  is 
higher  than  that  of  the  luminous  flame, 
ttiougb  it  is  somewhat  cooled  below  by  the^ 
influx  of  air.  The  following  temperatures 
were  ohscr\'ed  by  Lewes,  the  burner  consum- 
ing six  cubic  feet  of  gas  per  hour: 


Fio,  71. 


fUme,  flame. 

One-half  inch  above  burner _ ,  135°  54° 

One  and  one  half  inch  above  burner  ...,._,,  421°  175^ 

Tip  of  inner  cone„. .  _ 913°  1090^ 

O^ntrr  fjf  outer  cone , ,  _ .  1328°  15aS* 

Tip  of  outer  cone - - ,  -  72S°  1175*' 

The  blast  lamp  is  similar  to  the  Bunsen  burner,  but  the  action  is 
Int^msifled  by  a  blast  of  air  which  secures  complete  and  rapid  com- 
biLstion. 

Oiidiziiig  and  Reducing  Flames,— An  oxidmng  }lame  is  one 
that  contains  an  excess  of  oxygen,  as  the  outer  coat  of  all  flames, 
luminous  and  non-luminous,  and  the  main  body  of  the  Bunsen 
Bame* 

A  reducing  flame  is  one  that  is  deficient  in  oxygen.  It  is  generally 
mtf>re  or  less  luminous.  Examples  are  the  luminous  cone  of  flames 
in  general  and  the  portions  of  the  Bunsen  flame  adjacent  to  the 
inner  cone. 
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Illustration. — If  a  copper  wire  be  held  across  the  sli^tly  luminous 
Bunsen-flame,  just  below  the  point  of  the  inner  cone,  it  will  be  seen  to 
oxidize  in  the  outer  flame  while  it  remains  unchanged  within.  If  the 
wire  be  slightly  moved  so  as  to  bring  the  oxidized  portion  near  to  the 
inner  cone  the  oxid  will  be  reduced. 

The  Blowpipe. — ^The  blowpipe  introduces  a  current  of  air  and 
serves  the  double  purpose  of  directing  the  flame  upon  a  small  point 
and  of  raising  its  temperature.  The  mouth 
blowpipe  is  a  bent  tube  of  convenient  length 
through  which  air  is  forced  from  the  lungs.  It 
is  usually  furnished  with  a  chamber  to  catch  the 
condensed  moisture,  and  the  point  may  be  tipped 
with  platinum  to  make  it  more  durable.  The 
blowpipe  flame  is  somewhat  like  the  Bunsen 
flame  and  has  oxidizing  and  reducing  regions. 
The  hottest  part  is  at  the  point  of  the  inner  cone, 
where  a  temperature  of  2000°  may  be  obtained. 
Beyond  this  point  the  action  is  oxidizing,  while 
within  the  blue  inner  cone  it  is  reducing. 

The  blowpipe  is  suited  tc  candle,  gas,  or 
alcohol  flames.  For  use  with  gas  a  tube  flat- 
tened and  obliquely  ground  is  introduced  into  a 
Bunsen  burner  and  a  small  flame  used. 

The  Electric  Furnace. — For  securing  the 
highest  temperatures  the  electric  furnace  is  used. 
This  consists  essentially  of  two  carbon  electrodes  meeting  in  a  cruci- 
ble of  very  refractory  material  such  as  graphite,  lime,  or  magnesia, 
and  the  whole  inclosed  with  a  casing  of  firebrick  This  furnace 
giv(\s  temperatures  above  3000°  and  brings  to  fusion  almost  every 
known  substance. 


Fig.  72. 


CHAPTER  XXXII. 

GROUP  ni  B.    THE  BOROIDS.    BORON  GROUP. 

Boron  11.  Aluminum  27.  Gallium  70.  Indium  114.  Terbium' 160. 
Thallium  204. 

Of  the  members  of  this  group  boron  is  almost  wholly  acidic, 
aluminum  and  gallium  are  both  acidic  and  basic,  indium  is  mainly 
basic  and  thallium  is  wholly  basic.  In  boron  we  have  the  last  of  the 
really  acidic  elements.  It  possesses  only  traces  of  basic  character, 
as  seen  in  the  binary  salts  and  in  a  few  compounds  like  boron  phos- 
phate, BPO4.  The  valence  of  the  group  is  three,  but  galUum, 
indium,  and  thaUium  exhibit  other  valences. 

BORON. 

Symbol  B.    Atomic  weight  11.    Valence  III.     Specific  gravity  2.63. 

Occurrence. — Boron  does  not  occur  free.  Its  principal  com- 
pounds are  boric  add,  H3BO3,  found  in  volcanic  regions,  borax  or 
tincal,  Na2B4O7,10H2O,  boracUe,  2Mg3B80i5,MgCl2,  and  borocalcite, 
eaB,07,4H,0. 

History. — Boron  was  first  prepared  by  Gay-Lussac  andTh^nard 
in  1808.    The  name  is  from  borax,  which  is  a  Persian  word. 

Preparation. — Amorphous  boron  is  obtained  by  heating  with 
potassium  boric  oxid,  potassium  fluoborate,  or  boric  chlorid. 

Crystallized  boron  is  obtained  by  igniting  boric  oxid  with 
aluminum.  The  separated  boron  dissolves  in  the  aluminum  and 
on  cooling  crystallizes.  When  the  aluminum  is  removed  by  hydro- 
chloric acid  the  boron  crystals  remain. 

Properties. — Boron  presents  two  allotropic  forms,  the  one  amor- 
phous, the  other  crystalline.  Amorphous  boron  is  a  dark-groon 
powder  which  bums  in  the  air  when  strongly  heated,  uniting  with 
both  the  oxygen  and  the  nitrogen.     It  is  oxidized  by  cold  nitric  or 
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warm  sulfuric  acid  and  acts  with  alkali  salts  to  form  borates.  Crys- 
tallized boron  forms  monoclinic  prisms  and  octahedi-ons  which  are 
inferior  in  hardness  only  to  diamond.  They  have  specific  gravity 
2.63,  and  are  less  easily  acted  upon  chemically  than  amorphous 
boron.    Boron  volatilizes  in  the  electric  furnace  without  melting. 

BORON   COMPOUNDS. 

Boron  acts  only  with  the  valence  III,  forms  but  few  binary  com* 
pounds,  and  only  boric  and  haloboric  acids. 

Hydrogen  Borid,  HgB,  is  a  very  unstable  compound  which  is  obtained 
mixed  with  hydrogen  by  the  action  of  hydrochloric  acid  upon  magnesium 
borid,  MgjBj.  It  is  a  colorless  gas  which  bums  with  a  green  flame  to 
water  and  boric  oxid.  When  passed  through  a  heated  tube  boron  is 
deposited. 

Boron  Fluorid,  BF,,  is  preppxed  by  action  of  fluorin  upon  boron,  or  of 
hydrofluoric  acid  upon  boric  oxid,  or  by  heating  together  boric  oxid, 
calcium  fluorid,  and  sulfuric  acid: 

B^O,  +  3CaF,  +  3H^0,  =  3CaS0,  +  3H,0  +  2BF,. 

It  is  a  colorless,  fuming  gas  which  neither  bums  nor  supports  com- 
bustion, but  chars  organic  matters,  because  of  its  strong  attraction  for 
water.  It  is  extremely  soluble  in  water,  one  volume  dissolving  1000  at 
0°.     It  unites  with  the  water,  forming  boric  and  fluoboric  acids: 

4BF3  +  3H2O  =  H3BO3  +  3HBF,. 

Fluoboric  Acid,  HBF,,  or  H— F=F— B<^  II  ,  is  obtained  by  the  reac- 

^F 

tion  just  f^iven.     It  is  a  monobasic  acid  and  yields  metallic  salts. 

Boron  Chlorid,  HCIj,  is  ]^roi)ared  by  passing  chlorin  over  heated  boron, 
or  a  mixture  cf  boric  oxid  and  carbon: 

B,Os  +  3C  +  3CI2  =  SCO  +  2Ba3. 

It  is  colloctod  in  a  cooled  receiver  as  a  colorless,  fuming  liquid  which 
boils  at  1S°  and  has  specific  gravity  1.35.  It  is  decomj)osed  by  water 
thus:  W.\  -f  311,0  =  H3BO3  +  3Ha.  It  unites  directly  to  anmionia 
to  form  2BCl3,3XH,. 

Boron  Bromid,  BBr,,  is  obtained  by  direct  union,  or  by  passing  bromin 
over  a  heated  mixture  of  boric  oxid  and  carbon.  It  is  a  colorless,  fuming 
liquid  of  specific  p-avity  2.00  and  boiling-point  90°.  It  acts  tow^afd  water 
and  ammonia  as  the  chlorid  does. 

Boric  Oxid,  BoOg,  the  only  oxid  of  boron,  is  formed  when  boron 
burns  in  the  air.     It  is  easily  prepared  by  igniting  boric  acid.    It  is 
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a  britUe  glassy  solid  which  absorbs  niobtiire  and  becomes  opaque. 
At  a  red  heat  it  converts  tlie  salts  of  volatile  acid  radicals  into 
borates: 

B,0,  +  3Na,S0,  =  380,  +  2Na,B03, 

Its  heat  of  formation  is  317,200  calories. 

Baric  Adds. — Boric  oxid  unites  to  water  to  form  three  acids; 

Onhoboric  acid,  H|BO„  B(OH),. 

McUbohc  itcid,  HBO5,  H— 0--B= O, 

Pym  or  tetraboric  acid,  H,Bp,p  H— O-B  <g>B— O— B  <^>  B— 0— H. 

OrtliobaTic  Acid,  H^BOg,  is  obtained  by  decorpposing  borax  with 
hydrochloric  or  sulfuric  acid : 

Xa^Bpy  +  2HC1  +  SHjO  -  2NaCl  +  4H,B0a. 

The  commereial  acid  \b  obtained  mostly  from  the  native  com- 
pound, which  occurs  in  solution  in  volcanic  waters  and  a*^  the  mineral 
mmdiie.  In  the  neighborhocid  of  the  fumaroles  in  Tnseany  the 
lagoons  of  water  and  the  sU»ana  from  the  fumaroles  contain  boric 
add,  Tlie  water  is  collected  in  cisterns,  allowe<l  to  concentrate?,  and 
finally  evaporated  in  leaden  pans  until  the  borie  acid  cryatallizes 
ciul.  The  heat  froai  the  fumaroles  is  utilized  in  the  process.  The 
acid  is  purified  by  recr\^stallization. 

Boric  acid  is  a  soft  white  er>^stalHne  powder  of  specific  gravity  LI. 
It  (lissolves  In  24  parts  water  at  19®  and  in  3  parts  at  100°.  It  is 
more  ijoluble  in  alcohol,  and  the  solution  bums  with  a  green  flame. 
It  is  weakly  acid  and  its  salts  are  unstable, 

Hetabonc  Acid,  HBOj,  is  obtained  a^  a  white  powder  by  heating 
theorthi>acidto  10(r. 

Pyro  nr  Tetraboric  Acid,  llaB^O^,  is  obtained  by  heating  the 
ortho  or  meta  acid  to  160'',  The  meta  and  tetmborates  are  quite 
«tal>le  salts. 

'  Borates,^! n  addition  to  the  ortho,  meta,  and  tetraborates 
there  are  other  complex  compounds  containing  more  than  four  boron 
atoms  in  the  molecule.  The  most  important  of  all  the  borates  is 
borax,  Na;B/)j,  which  will  be  described  under  sodium, 

Boiie  Siilfid,  Bj8|,  is  formed  by  heating  boron  in  sulfur  vapor,  or  by 
pacing  ciirl>cDn  disulfid  over  a  heated  mixture  of  hnric  oxid  and  carbon. 
It  is  a  white  fu?ijble  solid  which  is  dccoiuijosed  by  water  into  IxjHc  acid 
anil  hydrogen  &nlfid.     It  has  an  unjJeasant  odor  and  hurts  the  eyes* 
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Boron  Nitrid,  BN,  is  a  white  amorphous  powder  formed  by  the  union 
of  boron  and  nitrogen  at  a  red  heat.     It  is  infusible,  insoluble  in  water,       | 
and  not  easily  acted  upon  by  chemical  agents. 

ALUMINUM. 

Symbol  Al.  Atomic  weight  27.  Valence  III.  Specific  gravity  2.58 
to  2.68.    Melting-point  700°. 

Occurrence. — Aluminum  does  not  exist  free,  and  indeed  is 
separated  from  its  compounds  with  great  difficulty.  It  is  a  con- 
stituent of  many  rocks  and  minerals,  and  is  next  to  oxygen  and 
silicon  in  abundance.  It  is  found  in  all  soils,  bijt  not  in  plants, 
except  in  certain  cryptogams;  and  it  exists  in  the  solar  atmosphere. 
Among  the  more  important  native  compounds  are  the  oxid,  AUG,, 
in  corundum,  sapphire,  and  ruby;  hydroxids  in  diaspore,  AIO(HO), 
and  bauxite,  AljFejH^Oj;  a  flu(?aluminate  in  cryolite,  Na^A.lFe; 
aluminatos  in  spinel,  MgAl204,  and  gahnite,  ZnAljO,;  and  a  large 
number  of  silicates  in  which  aluminum  enters  as  one  of  the  positive 
elements,  af<  feldspar,  mica,  hornblende,  garnet,  sodalite,  leucite, 
and  topaz.  Clay  is  a  hydrous  aluminum  silicate,  Al2Si207,2H20, 
formed  by  the  decomposition  of  felspathic  rocks.  Turquois  is  a 
hydrous  aluminum  phosphate,  AlgFjOipSHjO. 

History. — Ahiminuni  was  first  prepared  by  Woehler  in  1827. 
Th(^  name  comes  from  alumni,  which  term  was  applied  from  earliest 
thiios  to  ahini  and  a  number  of  other  substances. 

Preparation. — Ahnninum  is  prepared  by  heating  the  ehlorid 
with  sodium  or  ]>otassium,  AICI3  +  3Xa  =  3NaCl  -f  Al;  or  by  elec- 
trolysis of  the  oxid  in  the  presence,  of  the  fluorid. 

Tlio  (^loctrolytic  nictliod  is  the  one  now  penorally  use<l.  Cn^-olite  i^ 
mcltcMl  in  a  vessel  of  iron  lined  with  carbon,  and  a. powerful  current  of 
elect ririty  is  ])asse(l  throii<rh  it  by  means  of  carbon  cylinders  suspeiuleil 
ill  the  nioUen  rock,  the  vessel  constituting  the  other  electrode.  Pow- 
dered aluiriiiiuni  oxid  bein^!:  added,  it  dissolves  in  the  cryolite  and  is  at 
once  (leconii)os(vl  by  the  current.  The  aluminum  collects  in  the  vessel 
while  the  oxy^iMi  unites  with  the  carbon  of  the  cylinders.  The  cr\-oIitc 
remains  unchan<re(l,  l)ut  the  cylinders  have  to  be  renewed  often. 

Physical  Properties.— Aluminum  is  a  rather  soft,  bluish-white. 
ductile,  inalleahlo  metal  of  specific  gravity  2.58.  By  hammerin^^  it 
is  hanleiiod  and  its  specific  gravity  increased  to  2.68.'*'itjnelts  at 
700^,  and  on  cooling  crystallizes  in  octahedrons.  It  can  be*(B\^*^ 
into  fine  wire  and  beaten  into  thin  sheets,  and  has  great  tens\ 
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WMigth*    It  is  a  good  conductor  of  beat  and  electricity,  and  is 
-My  stmomus*    Its  market  value  is  about  35  cents  a  pound, 

CbaiDical  Properties*^ Aluminum  is  practically  unchangf^l  in 

be  air,  a  thin  layer  of  the  03dd  forming  on  the  surface  to  protect  the 

fietnl  beneath.     In  thin  sheets  or  in  powder  it  burns  with  bril- 

^    to  AljO^,     It  is  not  attacked  by  water,  hut  dissolve's  in 

i»tis  of  various  salts.     It  dissolves  in  dilute  hydrochloric  and 

sulphuric  acids  and  in  alkali  hydroxi<ls  v^nth  evolution  of  hydrogen. 

Ill  nitric  acid  it  is  scarcely  soluble  because  of  the  foniiation  of  a 

layer  of  the  oxid  which  protects  the  oietal.     It  is  strongly  positive 

mid  is  able  to  reduce  the  oxids  of  the  more  negative  elements,  and 

'  K-es  various  metaLs  from  their  solutions.     It  combines  directly 

'  heated  with  chlorin,  sulfur,  selenium,  tellurium,  phosphorus^ 

and  arsenic,  and  forms  alloys  with  moat  metais.    Aluminum  is 

trivalent,  affording  but  the  one  elementary  ion,  Al"**, 

Mloys  of  Aluminum.— ,4/«mmwrrt  Amalgam.— l^h^  alloy  of 
aluminum  with  mercury  is  brittle,  oxidizes  readily,  deeomposea 
water,  and  is  used  as  a  reducing  agent. 

Aluminum  htmue,  ID  per  cent  aluminum  and  90  per  cent  copper, 
the  color  of  gold,  taJ^es  a  fine  polish,  and  has  the  hardness  and 
iirength  of  ca^t  iron. 

Mafpmlium  is  an  alloy  of  magnesium  and  aluminum. 
Uses.— Because  of  its  lightness,  its  toughne^,  its  beautiful  polish, 
and  lis  unalterability  in  the  air,  it  finds  many  applications  in  the 
art^.  U  18  used  in  the  manufacture  of  physical  apparatus  and 
variotis  domestic  articles.  It  is  not  well  adapted  for  kitchen  vessels 
anrl  table  ware,  because  it  is  attacked  by  dilute  acids  and  salts.  It 
gerv'es  for  ahmiinum  plating,  especially  upon  copper  and  brass. 

ALUMINUM    COMPOUNDS. 

Aluminum  is  both  acidic  and  basic.  Many  of  its  salts  are  solu- 
ble in  water  and  are  electrolytes,  Tiie  silicates  are  almost  insoluble. 
It  ftjrms  no  compound  with  hydrogen*  Some  of  its  thermal  equa- 
tions are  as  follows : 
(A(,0,J1,)  -  297.000  c.  fAl.Cli)  -  161,000  c.  (/V3s,S|)  ^  122,400  c. 
Alumintim  Fluorid,  AlF,,  is  prt^pared  hy  the  action  of  hydrogen  fluorid 
upcm  ahirriiuuiu  or  ahiminum  oxid  at  a  red  heat;  or  by  heating  together 
ettleiuiD  fluorid,  aluminum  oxid,  and  hydrochloric  ukMi 

^:aF|  +  Ai,0,  +  6HO  -  3H,0  +  ZC^a^  +  2A1F,. 
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It  crystallizes  with  7  molecules  of  water  in  coloriess  rhombohedroDS. 

H— F  =  Fy 
Fiuoaluminic  Acid,  HJUF-,  or  H— F  =  F^Al,  is  formed  when  alu- 

H— F  =  F/ 
minum  fluorid  is  dissolved  in  hydrofluoric  acid.    Its  sodium  saltj  Na,AlF^ 
is  the  mineral  cryolite  foimd  abundantly  in  Greenland. 

Aluminum  Chlorid,  AICI3,  is  formed  when  chlorin  or  hydrogen 
chlorid  is  passed  over  heated  aluminum  or  a  heated  mixture  of 
aluminum  oxid  and  carbon. 

Aluminum  chlorid  forms  hexagonal  crystals  which  sublime  at 
183°,  and  melt  under  pressure  at  193°.  At  the  boiling-pouit  its 
density  corresponds  to  the  formula  AljClft,  but  above  450®  dissocia- 
tion takes  place,  and  the  formula  is  AICI3.  It  fmnes  in  the  air  and 
dissolves  in  water  with  the  development  of  heat.  On  evaporating 
the  aqueous  solution  the  crystalline  hydrate,  AlClgjeHjO,  separates. 
It  has  a  strong  tendency  to  form  double  salts,  as  AlCIjjNaCl,  and 
AlCl3,3HN3.  It  is  much  used  as  a  reagent  in  organic  prepara- 
tions. 

Aluminum  Bromid,  AlBr,,  formed  by  direct  union  of  the  dements, 
is  a  colorless  crystalline  solid  which  melts  at  80°  and  boils  at  265°.  The 
hydrate,  AlBr^eH^O,  separates  from  a  solution  of  AlH,Og  in  hydrobromic 
acid. 

Aluminum  lodid,  AII3,  is  formed  by  heating  together  aluminum  and 
iodin.  It  is  a  white  crystalline  solid,  which  melts  at  185°  and  boils  at 
400°.     It  forms  the  hydrate  All3,6H,0. 

Aluminum  Oxid,  AUOg,  is  obtained  by  burning  the  metal  or  by 
igniting  the  hydrates  or  the  salts  of  the  volatile  acids.  It  occurs 
in  nature  as  the  mineral  corundum  in  hexagonal  prisms,  and  is  next 
in  hardness  to  diamond.  Red  crystals  are  called  ruby,  blue  ones 
sapphire,  yellow  ones  oriental  topaz,  purple  ones  oriental  amethyst, 
and  green  ones  oriental  emerald.  The  emery  of  commerce  is  finely 
ground  corundum. 

The  amorphous  aluminum  oxid  artificially  prepared  is  a  soft 
white  powder  insoluble  in  water.  It  dissolves  in  acids  and  alkalis 
to  form  salts  and  aluniinates. 

Aluminum  Sulfid,  AljSj.     Aluminum  unites  to  sulfur  at  a  red 
heat,  forming  a  dark-gray  solid  \vhich  is  decomposed  by  water. 

Aluminum  forms  more  or  less  definite  compounds  with  phos- 
phorus, antimony  boron,  and  carbon. 
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Alumifitim  Hydrozids. — Ammonia  and  alkali  hydroxids  pre- 
cipitate  Al(litj)3  fruiu  solutions  of  alinninnm  salt^.  When  this  ia 
heated  to  '*Mf  it  looses  a  molecule  of  water  and  becomes  AIO(HO), 
On  further  heating  tlie  rest  of  the  water  goes  off  and  Mfi^  remains. 
h^till  atjother  hydrate  may  be  obtained  by  atlchng  ammonia  to  a 
bjiiing  solution  of  an  aluniinuni  salt*  It  is  represented  in  the  min- 
eral hmxUe,  Al30(H0)|, 

These  hydroxids  are  all  soft,  bull<y^  white  preeipitates  which  are 
both  aciflic  and  basic,  dissohdng  in  acids  to  form  salt^  and  in  strong 
alkalis  to  form  aluniinates. 

AluTuimira  hydroxid  precipitates  many  dyestuiTs  from  solution,  unit^ 

ag  with  them  to  form  insoluble  colored  comjxjund^  called  lakes.     Upon 

s  property  depends  its  uae  as  a  mordant  in  dyeing  and  calico-printing* 

[it?  cloth  is  immersed  in  an  aluminum  solution  and  then  e?cixiaed  to  the 

btioii  of  steam,  whereby  the  hydroxid  is  deposited  upon  jiiid  incorporated 

ith  fixe  liber.     If  now  the  cloth  be  dipped  in  the  Ay^,  Uic  color  is  Exed 

the  aluminum  hydroxid*     The  compounds  most  used  for  Uiis  purpose 

are  alumioum  acetate  and  sodium  atmuinate. 

Aluminates.—Th^  aluminum  hytlroxicb  are  feebly  acid  and 
kui  a  few  ahnninates  with  the  strongly  positive  metals* 
Salts  of  Aluminum* — Aluminum  forms  nuraertius  salts  with' 
acitU,  the  most  important  of  which  are  the  sulfates  and  the 
icatcs.    Tliey  hydrolyze  in  solution  and  react  acid. 

Aluminum  Sulfate^  Al2(SO,)aJSH.jO,  ia  obtained  in  monoelinio 
tablets  by  dii^olving  the  hydroxid  m  dilute  sulfuric  acid.  It  is  use<i 
a  mordant  and  as  a  weighting  material  in  the  manufacture  of 
iper. 
The  Alums,— Ahindnum  sulfate  forms  double  salt^  with  the 
alkali  sulfates,  wtiich  are  all  isomorphous  and  ciystallize  with  12 
molecules  of  water  in  regular  octahedrons  or  cubes.  These  are 
fiown  aa  alum*^.  the  most  important  being  the  pota^ium  alu- 
linum  sidfat^,  potash  alum,  or  common  alum  c*f  commerce, 
J(SO^)j  -f  I2H2O,    Its  grtrueture  may  be  indicated  thus: 

K^-O—SOj-O— Al  <  ^  >m,. 

nmonium,  sinlium^  lithium,  rubidium,  cesium,  thallium,  and  silver 

ay  take  the  place  of  potassium,  and  there  results  ammonium  alimt, 

Miliuni  alum,  etc.    Again,  iron  chromium,  manganese,  indium, 

ium  may  replace  aluminum,  in  which  case  the  name  in- 
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eludes  both  positive  elements,  as  potassium  ehromiuni  tiling 
KCr(SO,)342H,0. 

There  is  another  series  of  double  stilfates  in  which  the  aUcali 
metal  is  replaeed  by  a  bivalent  cienieiit,  as  copper  iron  &iilfat^» 
CiiFe^(  SO  J  4,241130,  These  are  called  pmitdo-almns  and  are  not 
isoniorphous  with  the  other  aluiiia 

There  is  also  a  series  of  aliiTns  in  which  selenium  takes  the  place 
of  milfur. 

Ammonium  Alum,  NH^.\l(SO,)..12HjO,  findi  extensive  appliea- 
tioti  in  the  nri^,  being  used  instead  of  conunon  alum  on  account  of 
it3  cheapness. 

Aluminum  Nitrate,  .\1{K0|)|^SH,0,  deliquescent  needles. 

Alixminum  Phosphate^  /ll  PO^j  in  the  minerals  wavelite  and  turquois. 

Aluminum  Silicates — The  original  rtx'ks  of  the  globe  tind  a 
large  partr  of  the  stratified  roeks  (not  calcareous)  con^et  mainly  of 
complex  double  silicates  containing  one  or  more  of  the  metalSi 
sodium,  pijtassium,  calcium,  niagnesiuni,  iron,  and  manganese, asacK 
elated  most  fretiuently  with  aluminum,  sometimcij  \%ith  iron,  tnag- 
ntsiuni,  manganese^  ctc»  A  few.  characteristie  compounds  are  as 
follows ; 


Feldspar.     KAl^i^O^. 
Anorlhile,  CaAljSi/V 
Garnet,       CV^IySi/.)ij. 


Albite,  KaAlSi^O,. 

Beryl,  Co3.\l,(SiO,),. 

Hornblend,  CaMgFe(8jOs)^. 


I 


Clay-— III  the  weathering  of  silicious  rocks  the  alkaline  portion 

is  converted  into  carbonates  and  dissolyerl  away^  leavijtg  a  residue 
of  silicic  oxlfl  and  aluminum  silicate.  Tlxe  latter  exists  in  varioiis 
degrees  of  hydration  and  constitutes  the  substance  called  clay,  In  its 
purest,  form  it  is  white  and  amorphous  and  is  called  kaolm,  porakiin 
day,  or  china  dmf,  ha\ing  usually  the  fonnula  HjAljCSiOJjJIjO. 
Common  clay  is  generally  red  bec^anse  it  is  mixed  witli  iron  oxid* 
TSTien  it  is  mbced  with  a  goo<l  deal  of  limestone  it  is  called  maH. 

Clay  m  almost  infusible,  but  when  mixed  with  lime  or  iron  it  melts 
rearlily.  When  niixeil  with  water  it  fonns  a  tough,  plastic  ma.^ 
which  may  be  moulded  into  definite  forms.  When  moist  day  is 
strongly  heated  it  Ijecomes  hard  and  insoluble  in  w^ater  and  acids* 
This  Inimt  clay  finds  many  applications  in  the  arts.  It  is  porous, 
but  is  rendered  water-proof  by  glaring* 
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Bricks  arc  made  of  day  containing  a  good  dt^al  of  lime,  iron,  and 
orgiiJiic  niftttt*r,  and  when  bard-bun  it  tlu*  surfat-e  melts,  fc#rmrnp  a 
natural  glaze.  Fire-bricks  are  made  of  clay  eontaining  much  silica 
anci  are  hard,  poroua,  and  iiifiimble.  Terra-coltu  \s  like  fire-brink,  but 
softer  anij  Ijurnt  rt  a  lower  temperature. 

Clay  pi  pi  and  the  coar^r  grades  of  eartham^re  are  made  of 
common  clay  and  glazed  by  throwing  eonimon  salt  into  the  furnace 
with  them.  The  salt  is  deeoinfN3M'd  by  tlip  hot  st^am  into  hytlrogen 
chlurid  and  sodiuni  hydroxide  and  the  latter  unitea  with  the  clayj 
melting  with  it  to  a  glassy  surface. 

Tills  are  thin  plates  used  (av  floors,  panels,  and  wall-faein^ 
Tliey  are  of  tliree  kinds:  ritrifit'd,  luaked  until  scnii-f listed :  encaustie, 
a  facing  of  fine  clay  placed  tJpon  a  back  of  common  clay;  (jiazt^d^  a 
botly  of  imiforni  color.  co\*ercd  with  a  tran^iiarent  gla^c. 

Faiiiici'  is  made  of  w^hitc*  clay  and  covereil  witb  a  w4iite  or  eolored 
glaring  layer  of  lead  silicate*  Majohm  m  a  porous  body  covered 
with  an  opaque  gla/.e. 

Ston^'imre  is  made  of  rather  pure  elay,  burned  at  a  high  tempera. 
ture  and  glazed  with  palt,  WedgeiiHmiu^re  is  a  fine  quality  of  stone* 
ware,  which  is  made  in  colfirs,  and  is  usually  not  glazed. 

Pc*rceimn  is  matle  of  a  mixture  of  feldf?par,  quartz,  and  the  finesi 
clay.  It  is  burnt  first  at  a  mo<lerat€'  temperature,  then  dipped  in  a 
mixture  of  finely  ground  feldspar  and  water,  dried,  and  finally 
riiised  to  a  white  heat.  It  re-sLsts  cheniieal  action,  stands  heat  weH^ 
and  does  not  break  easily,     Berlin  and  Meissen  ware  are  examples. 

Sop  piralain,  or  rhitHiWtjre,  contains  Icks  quartz  and  Ls  glazed 
vimjally  with  lead  and  boric  acid.  It  is  useil  for  tableware  and  oma- 
mcntal  articles.  » 

Ultra  marine  h  a  tx^autiful  blue  pigment  which  was  formerly 
ubtaine*!  from  the  rare  mineral  kipis-kizidi^  but  is  now  prepared 
artificially  by  heating  together  clay,  sodium  carbonate,  charcoal^ 
utit\  sulfur.  By  varying  the  process,  or  by  treating  the  liluc  with 
chlorin  or  hydrochloric  acid^  green,  violet,  and  red  ultramarines  are 
obtained,  ntrainarine  blue  is  not  affected  by  fight,  soap,  or  alka- 
lis, bi  '  '  T roved  by  weak  acids.  It  is  used  for  laundry  bhie^ 
for  J  K  ,  for  printers'    ink,  and  in  printing  wallpaper   and 

calici*.     Ita  cheniieal  fornnila  has  not  been  ascertained,  but  it  seems  . 
to  Itc  a  niLxlure  of  sodium  aluminiun  silicate  with  sodium  poly- 
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GALLIUM. 

Symbol  Ga.  Atomic  weight  70.  Valence  HI.  Specific  gravity  5.9. 
Melting-ix)int  30% 

Occurrence. — Gallium  is  one  of  the  rarest  of  all  elements.  Its  chief 
source  is  certain  zinc  blendes,  which  are  considered  rich  in  gallium  if  they 
contain  0.002  per  cent.  Boisbaudran  and  Jungfleisch  obtained  62  grams 
from  2400  kilograms  of  blende. 

History. — In  1875,  Lecoq  de  Boisbaudran  discovered  gallium  by 
means  of  the  spectroscope  in  a  zinc  blende  from  the  PjTenees  Mountains, 
and  named  it  after  ancient  Gaul.  It  is  found  to  be  identical  with  the 
cka-aluminum  whose  existence  was  predicted  by  Mendeleeff.  Its  spec- 
trum contains  two  characteristic  violet  lines. 

Preparation. — Gallium  is  obtained  by  electrolysis  of  an  ammoniacal 
solution  of  the  sulfate. 

Properties. — Gallium  is  a  silver- wliite  crystalline  metal,  rather  hard, 
scarcely  malleable,  and  ductile,  and  with  specific  gravity  5.9.  It  has 
the  n^markably  low  melting-point  of  30°.  The  melted  metal  remains 
liquid  indefinitely  at  the  ordinary  temperature,  or  even  at  0®,  but  solidi- 
fies at  once  on  coming  in  contact  with  a  fragment  of  the  solid  metal.  It 
is  only  suix^rficially  oxidized  in  the  air,  dissolves  in  hydrochloric  acid, 
and  alkalis  with  evolution  of  liydrogen,  and  in  nitric  acid  evolving  oxids 
of  nit  r()«j:(»n.  It  is  very  costly,  the  market  price  being  about  $180  a  gram, 
or  $S0,000  a  pound. 

COMPOUNDS    OY   GALLIUM. 

(lalliurn  is  trivalent,  l)ut  in  a  few  compounds  seems  to  be  a  dyad- 
Bor:ius<'  of  it>;  rarity  and  costliness  its  compounds  have  not  been  well 
studied.     Only  a  few  need  be  mentioned  here. 

Gallium  Chlorid,  i\'A\,  molls  at  75°  and  boils  at  215°. 

GaUium  Dichlorid,  (jaCK,  or  (iajCl^,  melts  at  164°  and  boils  at  .5.^5°. 

Bromids  and  iodids  corresponding  to  the  chlorids  have  been  j>repared. 

Gallium  Monoxid,  (laO,  is  obtained  by  reducing  Ga^O,  in  a  stream 
of  liydrojren.     It  is  basic  and  unstable. 

Gallium  Oxid,  GaoOj,  is  obtained  by  heating  gallium  nitrate.  It  is 
mainly  basic,  but  with  tlie  strongjest  alkalis  is  acidic. 

Gallium  Hydroxid,  (ialljOj,  is  })recipitated  by  ammonia  from  solu- 
tions of  <jallium  salts. 

Gallium  Salts. — (lallium  hydroxid  dissolves  in  acids  to  form  salt^s. 
The  most  inij)ortant  are  the  nitrate,  Ga(NOj)j,  and  the  sulfate, 
(la/SO,),.  The  sulfate  forms  alums  such  as  amnwmum  gaUium  alum, 
(Nil,)C;a(80j2,12H20. 
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Symbol  In.  Atomic  weight  114.  Valen^^e  I  and  III.  Specifie  grav- 
ity 7,4,    Melting-iKjint  176^ 

History  and  Occurrence.  ^  I ntlium  \%n^  disrovored  by  Reich  and 
Itichter  iu  18G3  lliroiigh  a  briglit  indigo-blue  line  in  its  spe(!truiii,  whence 
it«  Baate.  It.  arcuns  in  very  minute  quantities  in  kihc  blendei!  from 
Frei!>erg  mid  the  llarU  Mountains  and  in  the  solar  atmosphere  (Loekyer). 

Pr^paratien, — Indiam  is  prepared  by  reducing  the  oxid  in  a  current 
of  hydrogen^  or  by  treating  it^  salti^  with  zinc, 

pTQpertifs* — Indiiini  m  u  white,  midleabk%  amor|jhoug  metal,  softer 
tlmu  lead,  and  of  4j|>t?eific  gravity  7.4.  It  mdts  at  170°  and  ditrtils  at 
wliile  lieat.  It  tamiBlies  in  the  air  ttnd  burns  with  a  blue  flanie  to  InjO,, 
It  diHrtoK'es  readily  in  tiitrie  acid,  but  w  ith  difficulty  m  hj^droehloric  and 
milfuric  acids. 

COMPOUNDS   OF   IXDIUM, 

Tlie  valrncp  of  indium  is  I  and  III,  and  in  a  few  eases  apparently  II* 

Indium  Chlorld,  InClj,  is  formed  when  indium  is  treated  with  an  ex- 
cesB  of  ehlorin*  It  m  a  white,  sliining  crystalliiie  solid  which  sublijnea 
at  440^^,     InCI  and  InQj  have  t>cen  |Tirepar*xl, 

CMonndic  Add,  Hjln*'!^,  is  forine^l  b)-  action  of  hydroehlorie  acid 
upon  infllum  clilorid.     It  forms  well -defined  sidles* 

Indium  Biomid,  InBrj,  and  Indium  lodid,  Inl^,  are  crj^stiilline  solids, 
tlie  former  white  antl  the  latter  yellow. 

Indium  Oxid,  lUjO-,,  m  a  yellow  t»owder  obtained  bj^  burning  indium 
in  tilt*  Bir.     It  dbsoIveK  slowly  in  titid,  easily  in  warm,  acids, 

Initium  Hjdroxid,  InH^iOj,  h  i>recip»tated  by  alkalis  from  indium  solu- 
tions. Tlie  oxid  and  liydroxid  are  decidedly  basic,  but  at  tlie  ^mie  time 
weakly  acidic. 

Indium  SulHd,  InjSj,  h  a  yellow  jiolid  formed  by  direct  union  of  the 
elemt-ntii^  or  by  action  of  hydrocren  mil  fid  upon  indium  solutions. 

Indium  Salts.— The  oxid  and  hydroxkl  of  indium  dissolve  in  tise  acids 
to  form  mlU.  The  principal  ones  ai^e  the  carbonate,  nitral*v.  sulfite,  and 
sulfate.     It  forms  alums;  m  poUvnttum  inditim  aium^  KIn(S()4)j,12H-,0* 


TERBIUM, 

Symbol  Tl>,  Atomic  weight  lOO,  Valence  TIT, 
.  ^octnrence,— Terl*ium  is  one  of  the  rare  elements  and  h&s  not  been 
**"  invest iiCfi ted*  It  occurs  in  the  gaflolinite  eartlis,  l>ut  more  abun- 
cfiintly  in  tlic  mineral  j^ftniarskjte  of  North  Carolina,  which  i^  n  cob ini bate 
of  iron,  yttrium,  f^rbium,  and  terbium.  The  name  is  a  contrnction  of 
Ytterby,  a  town  in  Sweden » 
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But  a  few  compounds  have  been  studied.  Terbium  oxtd,  Tb,0„  is' 
an  orange-yellow  powder,  and  terbium  siUfate,  Tb,(S04)„8H,0,  forms 
colorless  crystals. 

THALLIUM. 

Symbol  Tl.  Atomic  weight  204.  Valence  I  and  III.  Specific  grav- 
ity 11.8.     Melting-point  290°. 

Occurrence. — Thallium  occurs  widely  distributed  in  small  quantities. 
The  mineral  crooksite,  from  Sweden,  contains  17  per  cent  of  Tl^e^  along 
with  sclenids  of  copper  and  silver.  It  is  found  in  copper  and  iron  pyrites 
and  in  many  other  minerals,  in  the  water  of  certain  springs,  and  in  com- 
mercial hydrochloric  and  sulfuric  acids. 

History. — Thallium  was  discovered  by  Crookes,  in  1861,  by  means 
of  the  spectroscope,  in  the  leaden  chamber  deposit  of  the  sulfuric  acid 
manufacture.  He  called  it  thallium,  from  the  bright-green  line  seen  in 
its  spectrum.  It  was  also  discovered  independently  by  Lamy  in  the 
same  way  and  about  the  same  time. 

Preparation. — Is  best  prepared  by  electrolysis  of  the  sulfate. 

Properties. — Thallium  is  a  white  crystalline  metal,  malleable,  ductile, 
soft  as  sodium,  and  of  specific  gravity  11.8.  It  melts  at  290°  and  distils 
at  white  heat.  It  tarnishes  in  the  air,  but  may  be  kept  under  water 
which  is  free  from  air.  It  makes  a  green  mark  upon  paper,  which  soon 
disappears  by  oxidation.  It  bums  with  a  beautiful  green  flame  to  Tl,0,. 
It  dissolves  in  acids,  except  hydrochloric,  in  which  it  becomes  covered 
with  the  insoluble  chlorid.  It  is  displaced  from  its  compounds  by  zinc 
and  cadmium. 

THALLIUM    COMPOUNDS. 

The  valence  of  thallium  is  I  and  III.  In  its  thallous  compounds  it 
resembles  the  alkali  metals;  in  the  others  it  is  much  like  aluminum,  but 
presents  many  differences.  In  its  physical  properties  it  resembles  lead; 
in  its  halids,  silver  and  mercury.  The  thallous  ion  is  colorless  and  uni- 
valent, the  thallic  ion  is  slightly  yellow  and  passes  easily  to  the  thallous 
ion. 

Thallous  Fluorid,  TIF,  soluble  salt  obtained  by  dissolving  the  carbo- 
nate in  hydrofluoric  acid. 

Thallous  Chlorid,  TlCl,  a  white  solid  formed  by  the  action  of  hydro- 
chloric acid  upon  thallous  solutions,  melts  at  427°  and  boils  at  715°.  It 
forms  double  salts,  as  PtCl^,2Tia. 

Thallic  Chlorid,  TlCl,,  formed  by  direct  union,  or  by  the  action  of 
HCl  upon  thallium  or  thallous  chlorid;  colorless  deliquescent  crj-stals. 

Thallous  Bromid,  TlHr,  yellow  precipitate. 

Thallous  lodid.  Til,  yellow  cr\'stalline  solid,  melts  at  190°. 
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Thallous  Oxid,  TljO,  obtained  by  heating  the  hydroxid  to  100°,  is  a 
black  powder  which  melts  at  300°.  It  dissolves  in  water  to  form  thal- 
lous hydroxid. 

Thallous  Hydroxid,  HHO,   long  soluble  needles. 

Thallic  Oxid,  TljO,,  obtained  by  burning  thallium,  is  a  dark-red  poWf 
der,  insoluble  in  water  and  alkalis. 

Thallic  Hydroxid,  TlH,0„  is  precipitated  by  bases  from  solutions  of 
thallic  salts  as  a  brown  precipitate.  When  dried  it  loses  water  and 
becomes  the  metahydroxid  TIO(HP). 

Thallous  Sulfid,  Tl^,  is  precipitated  as  a  black  powder  by  hydrogen 
sulfid  from  neutral  solutions  of  thallous  salts. 

Thallic  Sulfid,  Tl,S„  is  a  black  solid  formed  by  direct  union. 

Salts  of  Thallium. — The  tliallous  salts  are  more  easily  formed  and 
more  stable  than  the  thallic  salts.  Some  of  the  more  important  com- 
pounds are  thallous  chlorate,  TICIO,;  perchlorate,  TICIO4;  sulphate, 
Tl^^;  nitrate,  TINO,;  orthophosphate,  TljPO^;  acid  phosphates, 
HTljPO^  and  H,TIP0,;  carbonate,  Tl,CO,;  acid  carbonate,  HTICO,; 
silicate,  Tl^i,oOa;  thallic  sulfate,  Tl,(S04)„7H,0;  nitrate,  T1(N0,)„8H,0; 
thaUium  alum,  T1A1(S04)„12H,0. 


CHAPTER   XXXIII. 
GROUP  III  A.    THE  SCANDOIDS.     SCANDIUM  GROUP. 

Scandium  44.    Yttriiun  89.     Lanthanum  139.    Ytterbiimi  173. 

The  elements  of  this  group  are  very  rare  and  are  found  only  in 
certain  localities  and  in  a  few  rare  minerals.  They  are  trivalent, 
and  their  oxids,  hydroxids,  and  salts  are  similar  to  those  of  the 
elements  of  the  boron  group.  They  do  not  form  alums,  and  their 
oxalates  are  insoluble.  They  are  all  basic,  showing  but  the  slightest 
acid  character. 

SCANDIUM. 

S3rmbol  Sc.     Atomic  weight  44.     Valence  III. 

History  and  Occurrence. — Scandium  has  not  been  isolated.  The 
oxid  was  discovered  by  Xilson,  in  1879,  in  the  minerals  euxenite  and 
gadolinite,  from  Sweden.  It  was  also  found  by  Cleve  in  the  same  min- 
erals. Nilson  named  it  after  Scandinavia.  Scandium  takes  the  place 
of  the  eka-borori  dcscribod  by  Meiidelecf .      Its  salts  give  brilliant  spectra. 

Scandium  Chlorid,  ScClj,  crystalline  solid,  gives  characteristic  spec- 
trum. 

Scandium  Oxid,  ScoOj,  is  a  white  infusible  powder  of  specific  gravity 
3.86,  obtained  by  ipiiting  the  hvdroxid,  nitrate,  or  oxalate. 

Scandium  Hydro xid,  ScIljOj,  is  preci])itated  by  alkalis  from  solutions 
of  scandium  salts. 

Scandium  Nitrate,  ScrXOg),,  prismatic  crystals. 

Scandium  forms  doul)le  sulfates  like  KjScCSOJ,,  which  are  not  alums 
and  are  insoluble  in  potassium  sulfate  solution. 

YTTRIUM. 

Symbol  Y.     Atomic  weipht  80.     Valence  III. 
History   and    Occurrence. — In  1794  Gadolin    foimd  a  new  earth  in 
Gadolinite  and  in  1 797  Ekeberg  named  it  yttria  from  Ytterby  in  Sweden. 
Preparation. — Yttrium    is    prepared     by    heating    the    chlorid    \\\X.h 
potassium,  or  by  electrolysis  of  potassium  \i:trium  chlorid. 

Properties. — Yttrium  is  a  gray  powder  which  is  soluble  in  acids, 
decomposes  water,  and  burns  brilliantly  to  YjOg. 
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Yttrium  Chlorid,  YClj,  gives  a  characteristic  spectrum  and  forms 
double  compotiuds  with  alkali  chloriiis. 

Yttrium  0»d,  YjO^i  is  oblained  by  hefttkig  the  hydroxid* 

Yttrium  Hydroiid,  VIlj,Oj,  ia    prficipitnted  by  alkaliB  from  >*ttrium 

Yttriiiin  Hltrate>  Y(K0J„  is  more  staUe  ibaa  the  other  nitrates  of 
I  he  group. 

Potassitun  Yttrium  Sulfate,  K,Y,{BOJ„  is  soluble  in  pot^sium  sul- 
fate sohition  and  Berves  to  separate  yttrium  from  cerium,  lantjianum, 
end  scjiiidium, 

Yttrium  Carbonate,  Yj(COjJ|,  is  foimed  when  the  hydroxid  is  exposed 
to  the  air« 

LAKTHAXUM. 

Symbol  La*    Atoniie  woigbt  13K.9,    Vrtlenee  III. 

Ocnirreace. — ^Lat^thanum  is  a  conatitueat  of  cerite^  gadolinit^,  orthita, 

othor  mrp  minf^rals*  LmUfvamte  from  BetMehcm,  Pa>,  is  a  carbonate 
Unthatium  j\nd  other  metals. 

Hifitofj* — ^The  ceria  cliNctivered  by  Klaproth,  in  1803,  was  shown  by 
Mosandcfj  in  I83l>,  to  conUim  two  oxide.  He  rctxiined  the  name  ceria 
for  one  and  ctdled  the  other  lardhmia  (concealed).  In  1841  he  discov- 
ered Uiat  Ian  ti  lima  was  mixed  with  another  ox  id  w!iicb  he  called  dklymia* 

Preparatiou. — Lanthanum  is  best  prepared  by  eleetrolysis  of  the 
ciilcirid. 

PmpertieB, — Lanthanum  is  a  white  metal,  malleable,  ductile,  and 
of  specific  gravity  6.16,  It  taniishes  and  bums  in  the  air,  tlecDm|>oseg 
wat er ,  aod  d if?snl ves  i n  acid? .  It  com b in es^  d i rec tly  wit h  r^ilor i n ,  broni i n , 
and  iodiTK  LivnthanuTii  ig  trivulent  luid  forms  numerous  eomix*unds, 
most  of  which  havp  iK^eii  but  little  studied. 

Lanthanum  Chlorid,  LaCIj,  is  obtained  £is  white  crystals  by  adding 
atnmimivmi  I'hh^rid  to  hydrochloric  acid  i^ohition  of  la  ii  than  urn  oxid.  It 
forms  double  salts  with  othtT  ehlorids,  and  yields  a  characteristic  spec* 
tnim^. 

I>anthaniim  forms  hLho  ox^'hltmd^  ftuond,  ojty^uortd^  hromid,  ox^j- 
bromid,  VKlidf  and  cyanid. 

Lanthanum   Oiid,  La^O,,  is  obtained  as  a  white  amorphous  powder 

fby  hratiiig  the  hydroxid  or  OKidate,  It  dissolves  in  acids  and  unites 
■fith  wattir.  It  is  infusible,  and  when  ?itrongly  heated  emits  a  dazAmg 
Wlute  light.  An  arrangement  for  obtaining  light  by  heating  it  and  other 
related  oxids  in  the  Bunsen  flame  was  patented  by  von  Welsbach,  and 
Ib  much  used  as  a  gas  attachmeut  under  the  name  of  tlie  Wplshach  hurner, 
P  Lanthanum  Hydroxid,  LaHjOj,  is  precipitated  by  aJkali  hydroxida 
from  buithauum  solutions.  It  b  strongly  basic  and  disaolves  in  tlte 
ai^^djti  to  form  salts* 
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Ictttiuuntiii  Snlfld,  LaA*  yellow  Grystalliiie  solid. 

T.anthamiin  Salts.— Lanthanum  forms  numerous  salts  "wliidi  eamiok 
here  be  described  in  detail.  They  are  mostly  oolotless,  orystaDiae  tMH, 
and  those  which  are  soluble  have  an  astringent  taste.  The  sulfate  fonnl 
double  salts  with  the  alkali  sulfates  which  are  not  alums.  Theie  are  also 
a  few  basic  salts.  The  following  are  the  most  important:  ehloraiei  per- 
chlorate,  chlorite,  hypochlorite,  bromate,  iodate,  periodatOi  sulfate,  sd- 
fite,  thiosulfatCi  sdeuate,  selenite^  mdybdate,  tungstate,  nitnte,  pbos- 
phatCj  phosphitei  arsenate,  arsenitei  and  silicate. 

TTTEBBIUM. 

^rmbdYb.    Atomic  weight  173.    Valence  in. 
Qitory  and  Occorrmce. — ^Ytterbium  has  not  been  wrrlatfda    It  oe* 


curs  along  with  the  other  metals  of  the  group  in  gadolinite  and  ( 
It  was  discovered  gradually  throu^  the  investigationB  of  several  i 
especially  Marignao  and  L.  F.  Nilson.    It  was  named  by  Miii4gna^  far 
Ytterby,  a  town  in  Sweden. 

Compounds,  of  TttBrUnm. — ^Ytterbium  is  trivaleat  and  fonns  com- 
pounds analogous  to  those  of  lanthammi. 

TttnrUum  Ozid,  YbiOg,  is  a  white  infusible  powder  vriuoh  givn  a 
fine  emission  spectrum.  TtterUimi  hydrozid,  YbH^Oa,  is  pni^pated 
by  ammonia  from  ytterbimn  solutions. 

Ytterbium  Salts.— Ytterbium  forms  the  usual  salts  of  the  group. 
The  oxalate  is  insoluble  in  water  and  sefves  to  remove  it  from  its  solu- 
tions. 
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tlBOUP  H  A.     THE  OLUCIKOIDS,    MAGEfESIUM  GROUP. 

EABTH  METALS. 


ALKALI. 


Glticinum  9.1*  Maguesium  24.36.  Caicium  40«  Btrontitim  S7«6. 
Barium  137.4 

The  temi  mrOi  was  applied  by  the  alder  chemkts  tx)  aU  sub* 
stances  which  were  insoluble  and  infmibte  and  not  metallic  in 

apppuraiioi'*  It  aflenvanis  came  to  repres^^nt  the  ox  ids,  Txhiph  were 
supp«i*ied  tt)  be  ek'Hieiit^s  until  Davy  in  180N  e^howeil  that  they  were 
enjfijHtuuds  of  oxygen  and  metals.  It  was  observed  that  they  were 
mostly  alkaline  in  reaction  and  neutralized  aeids*  They  were  there* 
fiu'e  ralltHl  aikali  earths. 

The  elements  of  this  sub-grotip  have  the  valence  II,  calcium 
only  acting  in  a  few  caaes  as  a  tetrad.  They  form  similar  oxids, 
hydroxids^  and  salts,  and  the  chemical  activity  ami  .stabUity  of  the 
coiti[K>iinds  increa^  with  the  atomic  weight.  With  the  exception 
of  ghieimnn,  they  decompose  water,  bariinii  acting  ^nth  great  vigor. 
Tl*e  rttfljcinate.^  mid  hydnjxids  arc  decomposfxt  by  heat  with  in- 
crt^a^ing  difficulty »  those  of  barium  being  fuBihle  without  decom- 
position. All  are  strongly  basic,  but  glucimim  dissolves  in  strong 
aUcnlis  to  fomi  unstable  salts. 

Calcium,  strontium,  and  barium  are  nearly  related  and  are 
frecjuently  taken  together  and  called  the  calcium  group.  They 
have  characteristic  s[jectra  and  color  flames,  caiciinn  purple-red^ 
fitnjntium  crimson,  and  baiium  green.  Gluciniiun  and  magnesium 
rest*TnbIe  them  in  their  general  characters,  but  are  also  much  like 
zinc,  caihnluni,  and  mercur}^  forming,  for  example,  soluble  sulfates 
and  double  salts.  The  following  table  illustrates  the  group  anal- 
ogies: 
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GLUaNTJM  (beryllium). 

SjTnbol  Gl.    Atomic  weight  9.1.  Valence  II.    Melting-point  lOOCf . 

Occurrence. — The  principal  native  compound  of  glucinum  is  berj^, 
a  glucinum  aluminum  silicate,  Gl^AJjCSiOj),.  The  transparent  greea 
crystals  are  called  emerald  and  the  bluish-green  ones  aquamarine.  Other 
compounds  are  phenacite,  GljSiO^,  and  chrysoberyl,  GLAijO^. 

History. — In  1797,  Vauquelin  showed  that  berj'l  contained  a  peculiar 
earth,  and  in  1827  the  metal  was  isolated  by  Wohler,  but  pure  glucinum 
was  iirst  prepared  by  Humpidge  in  1885.  The  name  refers  to  the  fact 
that  its  soluble  compounds  have  a  sweet  taste.  The  name  beryllium, 
which  is  commonl}'  used  in  Europe,  comes  from  the  mineral  beryl. 

Preparation. — (ilucinuni  is  prepared  by  heating  the  clilorid  with  so- 
dium in  an  atmosphere  of  hydrogen,  or  by  heating  the  oxid  with  mag- 
nesium, or  by  electrolysis  of  its  compounds. 

Properties. — Glucinum  is  a  white,  ductile,  malleable  metal  of  specific 
gravity  1.64.  Its  specific  heat  at  the  ordinary  temperature  is  only  0.4, 
or  al)out  half  what  it  should  be  according  to  the  law  of  Dulong  and  Petit, 
but  at  oOO°  it  is  0.62,  and  no  doubt  at  a  higher  temi^erature  it  would 
follow  the  law.  It  does  not  tarnish  in  the  air,  but  when  heated  becomes 
covered  with  the  oxid,  and  when  finely  divided  bums  with  a  white  light. 
It  decomposes  hot  water  slowly  and  dissolves  in  acids.  It  is  usually 
basic,  but  with  strong  alkalies  forms  glucitiates,  as  KjGlOj.  The  ion 
i'i\"  is  colorless  and  has  a  sweetish  taste. 

CILUCIXUM   COMPOUNDS. 

Glucinum  Chlorid,  GlCl.,  is  obtained  by  heating  the  oxid  w'ith  char- 
coal in  a  stream  of  chloriii.  It  is  a  white  deliquescent  solid  which  cr}-s- 
tidlizf^s  with  four  molecules  of  water. 

Glucinum  Oxid,  (Il(>,  is  obtained  by  heating  the  hydroxid.  It  is  a 
wliife  ainor|)hous  powder,  insoluble  in  water,  soluble  in  acids  and  strong 
alkalis.     \\'lion  very  stronjrly  heated  it  becomes  crj'stalline. " 

Glucinum  Hydroxid,  ( JIH.O.,  is  thrown  do\m  by  ammonia  from  glu- 
cinum solutions  as  a  gelatinous  precipitate,  soluble  in  acids  and  strong 
alkalis.  The  alkali  solution  contains  the  alkali  glucinate,  (K^GlOj), 
which  is  unstable,  })r(Ti])itating  GlHjO,  on  standing.  With  ammonium 
carbonate  it  is  changed  into  basic  glucinum  carbonate. 

Glucinum  Sulfate,  GISO^,  is  prepared  by  dissolving  glucinum  hydroxid 
in  tlilute  sulfuric  acid,  and  crystallizes  from  the  solution  with  four  mole- 
cules of  water.     When  the  solution  is  lieated  with  glucinum  hydroxid, 

basic  salts  are  fonned  such  as  GLSOj  or  G^qHS^S^q 

Glucinum  Nitrate,  GUX03)2,.3H20,  is  a  deliquescent  solid,  soluble  in 
water  and  alcohol.  When  gently  heated  it  forms  the  basic  nitrate 
Bc(II())XO,,nA 
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Gluciniim  Phc^sphates. — Various  phospliates  may  be  formed,  as 
GlHFO,3H,0,  GIHV  POJ,,  and  (NH,)jXa/;i(PO,)j,7HjO. 

Qludiiuxii  Cftrbonaie,  GiCOg,4HjO,  m  ubtained  by  |>assmg  caxboii 
dioadd  tbrougli  water  contairiiiig  the  bii^ic  carbonate  in  siispenBioii. 
By  action  of  alkali  carbonates  ujxjn  glnciuuui  solutions  basic  carbotiaim 

re  oblitincd,  i\s>  OXJ^O^fillp,  orGl  <  q^J[Zo >  ^^* 


MAGNESIUM. 
weighl   24.30.     Vfiletsce 


IL     Sfx'cific  gravity 


Symbol  Mg,    Atomic 
1,74*     Melting-point  750^, 

Occurrence.^The  compounds  of  magnesium  are  abimdant  and 
widely  tikti'lbutrd,  Ma^nesitr,  MgC-^Og^  occurs  in  considerable 
quantity,  and  dohmitej  a  double  carbonate  of  magnesium  and  cal- 
dimi,  (MgCa)COjt,  Is  a  con m ion  rock  fotmd  in  mountain  masses, 
iiagnesiimi  sulfate  occurs  as  the  mineral  kicsiriti',  MgiSO^^HjO^  and 
in  solution  in  many  terrestrial  waters.  Magnesium  is  found  in 
plants  and  animals,  being  a  small  c€»nstituent  of  bones,  bUK)d,  shells, 
and  cereal  grains,  and  in  many  native  silicates. 

History.^ — Magnesium  sulfate  was  first  obtained  by  a  London 
physician  J  Nf^hemiah  Grew,  in  1695,  by  evaporating  the  wat^r  of  the 
niin^-al  spring  at  Epsonx,  It  was  aft^rwartl  nuieh  usetl  as  a  metli- 
cine  untler  the  name  of  Epmrn  saH,  About  the  same  tiine  magne^ 
rinm  carl>onate  was  introduced  as  a  medicine  under  the  name  of 
ffkQffnesui  alha.  The  oxid  and  metal  were  obtaintni  by  Da\y  in  1800, 
and  the  metal  purer  by  Bussy  in  1830.  Bunsen  obtained  the 
metal  by  electnijlysiB. 

The  name  magnesia  was  applied  to  the  native  manganese  dioxid 
or  pyroluiiite^  because  of  its  supposed  magnetic  properties.  The 
two  metals  gradually  acfiiiired  their  i>r^ent  names. 

Preparation* — Magnesium  may  be  prepared  by  eleetrolysLs  of 
the  chlurid,  or  by  he^iting  with  sodiuin  the  chlorid  or  fhe  double 
ctilorid.  MgrLKCl 

Physical  Properties. — ^Magnesiuui  is  a  silver-white,  malleable, 
ductile  metal  of  specific  gravity  1^74  and  specific  beat  0.245.  It 
melt^  at  abmit  750°  and  distils  at  a  red  beat.  It  is  moderately  hard, 
lias  fimal!  lenacity,  and  cr^^stallizes  in  hexagonal  prisms  isoraorphouB 
wth  3iinc* 

Cliemical  Properties. — Magnesium  tarnishes  in  moi^  air  and 
when  heated  bums  with  a  brilliant  white  light  very  rich  in  actinic 


484  LNORQANIO  CHEMI8TBT.  [Ch.  XXXI\'. 

rays.  It  does  not  decompose  water,  but  oxidizes  in  superheated 
steam.  It  dissolves  readily  in  acids,  but  not  in  alkalis,  and  is  tliere- 
fore  wholly  basic.  It  unites  directly  with  chlorin  and  nitrogen.  It 
is  a  powerful  reducing  agent,  being  able  to  separate  silicon  and  boron 
from  their  oxids.  It  forms  with  many  met4ils  alloys  which  are  brittle 
and  of  no  commercial  importance. 

Uses. — Magnesium  is  mainly  used  as  a  source  of  light  and  as  a 
reducing  agent.  The  light  is  applied  in  signalling  in  the  army  and 
navy,  in  pyrotechny,  and  in  photography.  Flash-light  powder  is 
magnesium  or  a  mixture  of  magnesium  and  zinc. 

MAGNESIUM   COMPOUNDS. 

Magnesium  is  strictly  bivalent  and  chemically  quite  active.  It 
imites  with  most  of  the  negative  elements  and  forms  salts  ^ith 
nearly  all  the  acids.  Its  salts  may  be  normal,  acid,  basic,  or  double, 
and  are  generally  soluble  in  water.  They  are  obtained  by  dissolving 
the  metal,  the  oxid,  or  the  hydroxid  in  acids.  The  magnesium  ion 
is  colorless  and  bivalent,  Mg''. 

The  heat  of  formation  of  some  magnesium  compounds  is  as 
follows : 

(Mg,0)   =  143,900  c.  0Ig,H2A)  =  217,300  c.  OIg,S)  «   71,600  c. 

(Mg,a2)  =  lol,(X)0c.  (Mg,S,0;)    =  302,300  c.  (Mg,N,03,6Aq.)  =  210,500  c. 

Magnesium  Fluorid,  MgF,,  occurs  in  the  mineral  seUaite. 

Magnesium  Chlorid,  MgCU,  occurs  in  sea-water  and  salt  springs,  and 
cryslHlliz(»s  from  solution  with  G  molecules  of  water.  It  has  a  bitter 
taste  and  is  used  in  dressing  cotton  goods. 

Potassium  Magnesium  Chlorid,  KMgCl3,H20,(K  —  Q^H  —  Mg  — O), 
occurs  as  the  mineral  carnaUite. 

Ammonium  Magnesium  Chlorid,  Xn,MgCl3,6H20,  forms  rhombic 
crystals. 

Calcium  Magnesium  Chlorid,  Caa2,2Mga2,12H20,  occurs  as  the  min- 
eral tdchhiidritv. 

Magnesium  Bromid,  MgBr.jOHoO,  is  .found  in  sea-water  and  salt 
springs. 

Magnesium  lodid,  Mglo,  is  found  in  sea-water. 

Magnesium  Oxid,  MgO,  is  obtained  by  burning  magnesium  or 
by  igniting  the  hydroxid,  carbonate,  or  nitrate.  It  is  a  loose,  white, 
tastelcNx^s,  powder,  slightly  soluble  in, water,  easily  soluble  in  acids. 
It  is  known  as  yiKujnvsia  or  calcined  magnesia,  and  is  used  in  medicine 
as  an  antacid  and  as  a  soothing  application.     It  stands. a  high  tern- 
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pifrature  without  tneltiiig,  and  is  thereloro  used  for  crueibles  aiid  for 
lining  8tuve55  iind  £iirriiicc*.s.  It  iiiells  in  the  oxyliydrogen  tiame  and 
eooU  Ut  a  ctimpact  stjlid  hard  tLsglass. 

Magnesium  Hydroxid,  MgH^jOj,  occers  iti  nature  as  the  mineral 
brucUi\  crystallis'.ed  in  rfionihoheilnnig.  It  m  preciptratc**!  from 
0iagnc«inni  solutions  liy  alkali  hydroxids.  It  is  a  UglU,  wkite  pow- 
der, bii*t>luble  in  water  and  alkalis,  soluble  in  acitb  and  ammoniiuu 
is*  It  is  rem  verted  Ijy  thf*  carbon  dioxide  of  the  air  into  the  ear- 
iiatfi.    It  is  atmngty  bailie,  ami  while  the  compound  K^MgOj  does 

IC— CI  ^=  Cl\ 
not  exist,  the  analogous  ^lU  KjMgCI^  or  K^Cl^Ciy^'^*  ^^  '^^^ 

prepared.  » 

Magnesium  Siilfid,  MgS,  is  a  yeUovs^  jwwder  formed  by  direct  unioti, 
Ma^esimu  Hydrosuiail^  MgH^S,,  ^nfl  Magnesium  Seleaid,  MgBe^  have 

Magnesium  Ifitridi  ^rgjS\,  is  a  yellow*green  amorpboits  mass  obtailied 
by  igniting  mii«:nei^irmi  in  nitrogtm. 

Magaesium  Phosphid,  Mgsl'ji  is  a  hard  gray  solid  obtained  bj^  heat- 
ing luagiu^ium  with  pho.sphorus  in  an  atmosphere  of  hydrogen. 

Magnestum  Ajseiud,  M^^Arj,  is  a  brow^  niasa  obtained  by  liirect  union. 

Magnesium  Silicid,  MgjHi,  is  pn*pared  by  heating  together  niagn':^ium 
chWtrid,  sodiiini  tluo^iUt-atep  so<liunr)  chloridi  ami  .^ulium*  It  ia  decom- 
posed by  hydrocliloric  acid,  yiehling  liydrng<."ii  t^ilk^i*!^  HfiL 

Hsfnesium  Borid,  Mg^  Dj,  ia  obtained  by  fusmg  togetiier  boroa  trioxid 
and  njagneBium. 

Magnesium  Sulfate,  MgSO^,  occurs  with  variotis  degrees  of  hy* 
dratioa,  Titp  lyineral  kieserite  m  Mgt^Oi,Ujiy,  scarc^ely  soluble  in 
water.  A^i  obtained  by  evajjorating  its  solution  at  the  ordinaiy 
tcini>«^ratim.t  it  forms  rhombic  prisms  or  needli*s  of  composition 
MgSO^.THjO. .  Crystallized  above  70'^  it  has  only  GHjO,  wMle  at 
0'*  it  hfikk  12HjO.  When  heated  it  easily  lo?^s  all  but  tine  molecule 
of  water,  and  this  is  expeUtni  only  al>ove  200^.  TIxe  »ali  i^  therefore 
probal>ly  a  flerivative  of  the  monometa  sulfuric  acid,  }i^^i\  and 
shoidd  be  Nrritten  for  the  common  form  MgH.SO^,GH20.  It  has  a 
bitter,  ?<ahy,  siekeriing  \mic  and  acts  as  a  cathartic*  It  is  found  in 
niost  terrestrial  waters  and  is  abundant  in  the  water  of  many  min- 
eral springs  ftOfl  v^^Us.  It  is  used  as  a  medicine,  as  a  feitiiisser,  in 
the  manufacture  of  other  i*u!fates.  and  for  loac  Ung  cotton  goods. 

M&gnesiuin  sulfate  forms  double  salts  with  other  sidfates,  crys- 
tnUisting  in  niunoclinic   prisms  with   six  molecules  of  water,  as 
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K2S04,MgS04,6H20,  or  KaMg(S0^)„6H^.  These  are  isomorphous 
with  similar  salts  of  zinc,  iron,  cobalt,  and  nickel    The  structure  is 

probably  this:gzgl|g^:g^Mg. 

Other  salts  which  can  only  be  mentioned  in  this  connection  are  biO" 
mate,  hyjjochlorite,  chlorate,  pcrchlorate,  iodate,  periodate,  thiosulfate, 
sulfite,  selcnate,  selenite,  tellurate,  tellurite,  chromate,  molybdates, 
tungstates,  and  uranates,  vanadates,  columbates,  tanta]ateB|  and 
borates. 

Magnesium  IVitrate,  Mg(NO,)„6H20,  is  a  crystalline  sdid  obtained 
l^  dissolving  magnesium  oxid  in  nitric  acid. 

Magnesitun  Phosphate,  MggCPOJji  occurs  m  bones  and  in  cereal  grains. 

Magnesitun  Hydrogen  Phosphate,  MgHPO^,  is  precipitated  from  8oi(i- 
tions  of  magnesium  sulfate  by  sodium  phosphate. 

Magnesitun  Ammonitun  Phosphate,  MgXH4P04,6H20,  is  precipitated 
from  magnesium  solutions  by  disodium  hydrogen  phosphate  in  the  pres- 
ence of  ammonia  and  ammonium  clilorid.  It  is  a  fine  crystalline  powder 
which  loses  5H,0  at  100°,  and  at  a  red  heat  becomes  magnesium  pyro- 
phosphate, Mg^PjO,. 

Magnesium  Arsenate,  MgjCAsOJ,,  and  magnesitun  ammonitun  anenate^ 
MgNH^AsO^,  are  w&ry  similar  to  the  corresponding  phosphates. 

Magnesium  Carbonate,  MgCOg,  occurs  as  magnesite,  laomot- 

phous  with  calcium  carbonate.  It  is  precipitated  by  sodium  ca^ 
bonatc  from  solution  of  magnesium  chlorid.  It  has  specific  gra\'ity 
3,  and  (lis.-solves  in  water  containing  carbon  dioxid.  It  crj'stallizes 
with  3  or  5  molecules  of  water,  according  to  the  temperature.  It 
forms  (lou])le  carboiiat(»s,  of  which  the  best  example  is  dolomite. 

Basic  Magnesium  Carbonate.— If  a  magnesium  salt  be  boiled 
with  sodium  or  potassium  carbonate,  a  cr\'stalline  basic  carbonate 
is  throwni  down.  This  is  the  inagmsia  alha  of  commerce  and  con- 
sists mainly  of  the  comixnmd  MgglljCjOs?  ^^  2MgC03,MgH302,  or 
H— O— :\Ig— ( )— CO— ( )— Mg— O— 00— O— Mg— O— H.  It  is  al- 
most insoluble  in  water,  but  dissolves  in  ammonium  salts,  hence 
ammonium  carbonate  does  not  j^recipitate  a  magnesium  salt  in  the 
pres(^nce  of  ammonium  chlorid. 

Magnesium  Silicates. — Magnesium  enters  into  the  composition 
of  many  silicates.  Olivine  is  the  simple  magnesium  orthosilicate, 
Mg.Si(  )^:  enstatite  is  the  metasilicatc,  ilgSiOg,'  serpentine  is  a  mag- 
nesium disilicate,  Mg.,Si207,2n20 ;  talc  is  magnesium  hydrogen  sili- 
cate, Mgslio^U^^-it  ^^  ^^  ^^^^  meerschaum,  MgjHoSijO^.HjG ;  asbestos 
is  calcium  magnesium  silicate,  CaMg(Si03)2;  and  so  on. 


i^.xxKiv:]THB  GLucnroim.  magmesium  qeoup. 


48T 


CALCIUlkf* 
Symbol  Ca.    Atomic  weight  40,     Valence  II  and  IV. 
1.57,    MeLtmg-point  800^ 


Specific  grav- 


Occurrence.— 'The  most  important  native  compound  of  calcium 
is  the  (L'ar)>i«iiatc,  CaCOjj,  which  occurs  a.s  calciie  in  rhomhivhetirojis, 
anrl  as  aragonUe  in  rhombic  prisms,  and  in  large  masses  in  the  rocks 
limtstonc^  marbk,  chalk,  oolite,  and  irat'criim*  Dolomite  m  a  mag- 
jLinftian    limt'Stoue,   (Callg)C05*    The   sulfate   occurs  a^  gypsum, 

iiie^  and  ahbast^r^  CaSO^^HjO,  and  m  anhydrite,  CaiS(3^.  Flu4n^ 
'  or  ftuor  »par  L:$  CaFj,  npfifUe  is  Caa(PO|)j,  with  varjdng  quantities 
i»f  CaCl;,  and  CaFi-  Calcium  is  a  constitueut  of  many  silicates;  ukiI- 
la^mitic  is  simple  calcium  silicate,  CaSiO,,  and  p^oxme  is  a  calcimn 
11  uigi  1 1  *t5i  u  m  m  li  cat^ . 

The  carbonate  and  sulfate  of  calcium  are  found  in  almost  all 
terrestrial  watena;  tlie  phosplmte  in  bones;  the  carbonate?  in  shells, 
egg-fihelk,  and  coral ;  and  various  salts  in  the  bodies  of  plant?  and 
animals.  The  element  is  found  in  the  sun,  meteorites,  and  fixed 
stars. 

History. — The  use  of  lime  for  mortar  and  the  methcxi  of  making 
it  by  burning  limestone  were  knowTi  to  the  ancients.  The  name  is 
fmm  tlie  Latin  mix,  lime*  In  1722  Fr*  Hofmann  showed  that  Ume 
Vi^  a  distinct  e^rth.  and  the  metal  was  obtained  by  Davy  in  180S 
by  electrolysis  of  the  oxid. 

Preparation. — Calcium  is  one  of  the  most  abundant  of  the  ele^ 
n^ientSi  but  it  is  separated  from  its  compounds  with  so  much  diffi- 
culty that  it  is  really  a  rare  and  costly  object.  It  may  be  prepared 
by  ek^trol>nsis  of  the  fused  clilorid;  or  by  heating  the  iodid  %ith 
sodjum;  or  by  heating  the  chlorid  ^ith  socUum  and  ziac,  whereby 
an  alloy  of  zinc  and  calcium  is  obtained  from  which  the  zinc  is 
driven  off  by  heat* 

Physical  Properties. — Pure  calcium  prepared  from  the  iodid  is 
a  white,  lustrous,  cry^stalline  solid,  hard  a^  limestone,  ductile  and 
nialleable,  and  of  spc^cific  gravity  1.58.  It  melts  at  SOCf.  away  from 
the  air.     As  ordinarily  prepared  it  has  a  brass-yellow  color. 

Chemical  Properties.— C/alcium  is  not  readily  attacked  by  oxy- 
gen, chlorin,  bromin,  or  iotlin,  but  imites  with  them  when  heated.  It 
bi«  in  moist  air  and  is  gradually  convertetl  into  the  hytlroxid 
rbonate.  It  decomposes  water,  but  %vith  less  energy  than 
oodium  and  potassium;  it  burns  when  heated  in  the  air,  uniting 
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with  both  oxygen  and  nitrogen;  it  dissolves  readily  in  the  acids; 
it  fonns  alloys  with  aluminum,  antimony,  lead,  mercury,  sodium, 
and  zinc.  It  has  not  been  prepared  in  quantity,  and  is  of  no  use  in 
the  arts. 

CALCIUM  COMPOUNDS. 

Calcium  is  bivalent,  but  in  a  few  cases  exhibits  the  valence  JS. 
It  is  chemically  quite  active  and  forms  an  inunense  munber  of  com- 
pounds. Like  magnesium  it  has  a  tendency  to  form  double  salts 
with  the  allied  elements.  Its  compounds,  with  the  exception  of  the 
carbonate,  phosphate,  and  silicates,  are  generally  soluble  in  water. 
Its  free  ion  in  solutions  is  Ca". 

Some  of  the  thermal  equations  are  as  follows: 

(Ca,0)  =  131,000  c.  (Ca,H„0,)  =  214,900  c.  (Ca,S)  =  89,600  c 
(Ca,aj)  =100,800  0.  (Ca,Br,)  =  140,900  c.  (Cji,IJ  « 107,300  c. 
(Ca,S,0,)  =  318,400  c.     (Ca,N„Oe)  =  202,600  c.     (Ca,C,0,)  -  270,400  c 

Calcium  Fluorid,  CaFj,  occurs  in  nature  as  fluorite  or  fluor-spar 
in  culx^s  and  octahedrons,  white  or  colored  by  impurities.  It  is 
found  in  plants,  in  brtnos,  and  in  teeth,  in  sea-water,  and  in  the 
waters  of  certain  inincTal  springs.  It  is  nearly  insoluble  in  water, 
])Ut  clis'^olvcs  in  strong  acids.  Heated  with  sukifric  acid  it  yields 
hy(lro«!:en  fluoric!,  a  substance  much  used  in  etching  glaas.  It  is 
the  principal  source  of  fluorin  compounds,  and  is  used  as  a  flux  in 
the  snieltin«r  of  certain  ores,  whence  its  name,  fluOj  I  flow. 

Fluor-spar  after  having  been  heated  is  luminous  in  the  dark,  a 
phenomenon  which  is  called  fluorcscejicCj  and  which  was  first  men- 
tiontnl  by  I'^llsholz  in  1G77,  and  again  noted  by  Leibnitz  in  1710. 

Calcium  Chlorid,  C'aCl2,  is  found  in  nature  combined  with  other 
chlorids,  im  in  the  mineral  tachhydrite,  CaCl2,2MgCl2,12Il20,  and 
also  in  sc^a-water.  It  is  prepared  by  dissolving  salts  of  calcium  in 
hydrochloric  acid  and  is  a  waste  product  in  the  manufacture  of 
ammonia  and  soda.  It  has  a  strong  attraction  for  water  and  is  very 
deliquescent.  It  cr>'stallizes  with  GILO  in  hexagonal  prisms,  which 
loose  four  m()lecul(\s  of  water  at  2(K)°,  and  the  whole  of  it  at  a 
higher  temperature.  It  melts  at  red  heat  and  cools  to  a  crystalline 
mass  of  >i)ecific  gravity  2.2.  It  dissolves  in  its  o\\ti  weight  of  water 
at  the  ordinary  temperature,  and  more  as  the  temperature  rises.  A 
solution  containing  two  parts  of  the  salt  to  one  of  water  boils  at 
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1SS°.  Such  solutions  arc  used  for  baths  where  high  temperatures 
are  desired.  It  ftjrms  a  freezing  mixtiu'e  with  ice,  in  which  the 
tliem^ometer  reads  as  low  as— 4S°.  It  is  used  as  a  dr^nng  agent  for 
gases  except  airiraonia,  mth  which  it  iovmn  a  eoniptJUiid^  CaClj,8NH3* 
Caklum  Bromid,  CttBrj,  is  obt&ined  by  dtBdolving  culcium  salta  m 
bydrobronijc  m*\A  its  white,  hj«troUH,  deliquescent  ncedlos. 

Calcium  to  did,  Cal,,  is  obtainetl  l>y  diss^jlvlng  calcium  hydroxid  in 
hydriodie  acid,  or  by  the  art  ion  of  itwliri  uii  ralciuni  suhid  s^iispended  in 
watar.  It  is  a  white  deliquescent  solid,  soluble  io  water,  alcoliol,  and 
ammonia. 

Calcium  Oxid,  CaO,  is  obtained  by  igniting  the  carbonate  or 
nitrate 

CaCO,  -  OO2  +  CaO,        CatNOa),  =  NA  +  CaO. 
It  IS  known  as  lime  or  quicklime  and  is  preparerl  in  quantities  by 
buniiiig  liniastone  or  marble  in  kilns. 

Calcium  cixi<l  is:  a  whiti*  amorphous  i^i>lid  of  specific  gravity  2,3 
to  3*0*  It  umtcs  with  water  with  ^cat  vig(^r,  pvolving  much  heat 
atifl  becijminjiJE  the  liydnjxi*!,  CalijOj,  wliich  is  known  as  daked  lime. 
On  exposure  to  air  it  absorljs  moisture  and  carbon  dioxid  and  be- 
canv8  a  mixture  of  the  oxidj  hydroxiiU  and  cai"lx>nate,  which  is  called 
air-dakal  lime.  If  the  rock  from  which  the  lime  is  made  is  pure  it 
•  is  said  to  be  fai  or  ri^h  linw;  if  the  rock  contains  much  magn^ium 
or  clay,  tbe  Uiue  is  f?aid  to  Vie  poor,  and  slakes  slowly. 

Lime  is  of  great  commercial  in!|>ortance  and  has  many  applica- 
tions in  the  arts.  On  accf junt  of  it.*^  affinity  for  water  it  is  a  powerful 
3ing  agent  both  for  gases  and  liquids.  It  is  useful  as  a  disinfectant 
Vnd  a  feTtilizer.  It  is  practically  infusible,  melting  at  ai>out  StKJ'J^^ 
and  when  heated  in  the  oxy-hydro|*cn  flame  it  emits  a  very  brilliant 
jrhite  light,  kn*>wn  as  the  limr-Iitjht,  and  used  ft  jr  projections.  It  m 
It  ployed  in  the  manufacture  of  ammnnia,  caustic  alkalia,  bleaching 
powder,  and  potassium  chlorate,  and  in  tanning  to  remove  the  hair 
frf>ni  the  hi<les.  It  is  largely  use^l  in  mortal^  and  cements.  Sodii- 
lime  m  oljtained  by  nlaking  lime  with  sodium  hydroxid  solution. 

Calcium  Hydroxid,  CaHA.  i^  formed  by  the  union  of  calcium 
c»xid  and  water,  CaO  +  H^O  =  Call/lj.  At  a  red  heat  the  reaction 
y  reversed,  CaHA  ^  ^'^^'^  +  ^h^^-  It  is  also  obtained  as  a  white 
prvcipitate  by  the  action  of  caustic  alkalis  upon  calcium  chlorid, 
2KnO  +  CaCl,  =  C^allA  +  ^KCI.  If  the  t^alcium  chlorid  solu- 
tion is  concentrateil,  the  whole  mass  becomes  solid. 
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Calcium  hydroxid  is  a  fine  white  powder  of  specific  gravily  2. 
It  dissolves  sparingly,  100  parts  of  cold  water  taking  0.14  part, 
while  boiling  water  dissolves  only  half  so  much.  The  clear  solution 
is  known  as  lime-waier.  If  water  be  shaken  with  more  lime  than  it 
will  dissolve  a  thin  emulsion  is  obtained  which  is  called  milk  of  lime. 

Calcium  hydroxid  is  alkaline  and  strongly  basic,  fonning  salts 
with  nearly  all  the  acids.  It  unites  with  the  carbon  dioxid  of  the 
air  to  form  the  carbonate.  This  causes  the  crust  on  the  surface 
of  lime-water  and  the  precipitate  when  carbon  dioxid  is  passed 
through  it. 

Mortars  and  Cements. — Mortar  consists  of  one  part  of  lime  and 
three  or  four  parts  of  sharp  quartz  sand  made  into  a  paste  with 
water.  When  placed  in  the  wall  it  "  sets "  in  a  few  dayE,  because 
of  the  loss  of  water,  and  gradually  hardens  because  of  the  formation 
of  calcium  carbonate  by  means  of  carben  dioxid  absorbed  from  the 
air. 

If  the  rock  contains^lO  or  more  per  cent  of  silica,  the  lime  made 
from  it  yields  a  mortar  which  hardens  rapidly  and  even  imder  wat^. 
This  is  called  hydraulic  lime  or  cement.  Such  cement  may  be  ob- 
tained by  mixing  lime  and  clay  in  due  proportion  and  then  igniting. 
If  the  clay  amounts  to  30  or  35  per  cent,  the  mortar  hardens  in  two 
or  three  hours.  The  original  Roman  cement  was  made  from  a  mix- 
ture of  lime  with  a  volcanic  tufa  found  near  Naples.  Portland 
cement  is  essentially  a  mixture  of  chalk  and  clay  with  some  iron  and 
niagiu^>^iuni.  The  materials  are  carefully  mixed  in  exact  propor- 
tions and  ground  together  with  water,  then  dried  and  burned.  This 
Is  the  strongest  of  all  cements. 

Bleachlng-powder  or  Chlorid  of  Lime  is  prepared  on  a  lai^ 
scale  by  filling  with  chlorin  chambers  the  floors  of  which  are  covered 
with  dry-sLnkcd  lime:  Vfi\\S\  -f  CI2  =  HoO  +  CaCl^O.  The  re- 
action is  not  complete,  and  j^art  of  the  lime  remains  unchanged. 
Theoretically  the  compound  should  contain  48.9  per  cent  of  chlorin, 
but  practically  only  25  to  40  per  cent  is  available.  This  compound, 
( 1— () — Ca — CI,  is  intennediatc  between  calcium  chlorid,  CI — Ca — 
CI,  and  calcium  hypochlorite,  CI— O— Ca— O— CI. 

Chlorid  of  lime  is  a  light  white  powder  with  a  chlorous  odor 
and  a  strongly  alkaline  and  bleaching  action.  It  is  unstable,  the 
decomposition  being  hastened  by  sunlight  and  heat.  It  should  be 
kept  in  a  cool,  dark  place.    Its  usefulness  depends  upon  the  ease  with 


which  it  ^ves  up  chlorin  and  upon  its  characteristic  reactions,  some 
of  which  are  as  follows: 

L  Water  converts  it  into  CaCl^  and  CaCljO^;  or  mnbes  it  thus: 
CaOaO-Ca'+a'+CIO', 

2.  Dilute  acids  set  tbe  chlorin  free  either  partJy  or  wholly; 
Caa.O  +  2Ha  =  Can,  +  H,0  +  O,, 

3.  When  boiled  with  water,  a  Blrong  solution  yidds  oxygen  and  a 
weak  solution  calcium  chlorate; 

Caa,0  =  CaQ,  +  O.    GCaQjO  =  Ca{C103),  +  5CaCI,, 
It  Ib  by  the  last  reaction  that  it  is  used  in  the  preparation  of  potassium 
eblorate,  tlie  calcium  being  replaced  by  potassium. 

4*  In  contact  with  the  higher  oxid^  of  cobalt,  manganese,  iron,  and 
copper  the  o^sygcn  is  expelled,  and  in  this  way  chlorid  of  lime  may  be 
used  as  a  source  of  oxygen* 

5*  On  warming  it  with  ammonia,  nitrogen  is  liberated: 
3Caa,0  +  2NH3  -  3CaCl,  +  mfi  +  2N. 

Chlorid  of  lime  is  used  for  many  purposes,  but  particularly  as  a 
disinfectant,  an  antiseptic,  an  oxidizer,  a  source  of  chlorin^  and  as 
a  bleaching  agent.  The  cloth  to  be  bleached  is  dipped  in  the  chlorid 
>H)lutioii  and  then  in  a  dilute  acid.  The  chlorin  set  free  in  the  meshes 
of  the  cloth  oxidizes  the  coloring  matter. 

Cdidum  Sulfld,  Ca8,  is  obtained  by  redueing  the  sulfate  with  carbon 
or  liydrof5en,  er  by  heating  lime  in  hydrogen  sulfid  or  carbon  disulfid. 
It  18  a  wojite  product  of  the  manufacture  of  soda  according  to  the 
JU?  Blanc  process*  It  is  a  white  or  paJe-yeJlow  solid,  almost  insoluble 
in  water,  and  has  the  odor  of  hydrogen  sulfid.  It  phosphoresces  in  tlie 
dark  after  having  been  e^joscd  Ui  the  light.    This  property  sticms  to 

due  to  the  prci^ence  of  minute  quantities  of  sulfids  of  other  metals, 
bismuth  and  maj^neHium.     The  same  property  is  seen  in  barium  sulfid. 

Cildum  Hydrosutfid,  CaHjSj,  is  obtained  by  the  action  of  warm  water 
uj:>on  calcium  sulfid,  or  by  passing  hydrogen  sulfid  through  water  con- 
taining calcium  sulBd  in  suspension*  It  is  only  known  in  solution  and 
is^  deeompoNf<^l  by  heat.  It  has  the  property  of  softening  hair  and  chang- 
ing it  to  a  gehitinous  mass,  and  lias  b(*cn  used  by  the  orientals  for  soft- 
etiinc^  the  hair  and  beard  with  a  view  to  its  easy  reraovah 

Qdctum  Disulfide  (*aSj,3HvO,  is  obtained  in  the  form  of  yellow  crj'stals 
by  boiling  milk  of  lime  with  suUun 

Cftklum  Polytulfids. — When  calcium  sulfid,  or  calcium  hydroxid,  is 
tootled  with  uater  and  sulfur,  a  yellow  solution  of  Ca8^  and  CaS^  is  ob- 
laloed.  Upon  adding  an  acid  to  the  solution^  sulfur  separates  in  the 
findy-divided  state  called  milk  of  8nifur, 
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Calcium  Selenid,  CaSe,  is  a  white  solid  obtained  by  igniting  caldom 
selenate,  CaSe04. 

Caldtun  Phosphide  Ca,?,,  is  prepared  by  heating  together  calcium 
and  phosphorus  away  from  the  air.  It  is  a  dark,  unstable  solid  which 
is  decomposed  by  water  with  the  evolution  of  hydrogen  phosphid,  H,P. 

Calcium  Carbid  (Calcium  Acetylid),  CaC,,  is  prepared  by  the 
action  of  carbon  upon  lime  at  the  temperature  of  the  electric  fur- 
nace (3000°) :  CaO  +  3C  =  CO  +  CaCj. 

Pure  calcium  carbid  forms  crystals  which  are  nearly  colorless. 
The  conmiercial  substance  has  a  dark-green  or  steel-gray  color  and 
smells  of  acetylene  and  hydrogen  phosphid.  It  has  a  specific  grav- 
ity 3.22,  and  melts  only  at  a  white  heat.  It  decomposes  water  with 
the  evolution  of  acetylene  gas,  CjHj.  It  is  now  manufactured  in 
quantities  and  much  used  as  a  source  of  acetylene  for  lighting  pur- 
poses. 

Calcium  Salts  are  obtained  by  dissolving  the  oxid  or  hydroxid 
in  dilute  acids,  or  by  decomposing  the  salts  of  the  heavy  metals  with 
calcium  hydroxid.  They  represent  nearly  all  the  acids,  and  there  are 
many  double  and  a  few  basic  salts.  They  are  generally  soluble  in 
water,  the  more  important  exceptions  being  the  arsenite,  fluorid, 
carbonate,  phosphate,  sulfate,  sulfite,  and  oxalate,  and  most  sili- 
cates. All  except  calcium  fluorid  are  soluble  in  dilute  acids, 
'rhore  Is  but  one  series,  since  only  bivalent  calcium  makes  salts. 

Calcium  Chlorate,  Ca(Cl(\)2,  is  a  white  cr}^stalline  salt  formed 
1  )y  heating  a  dilute  solution  of  bleaching  i)owder,  GCaCljO  =  Ca(C108)j 
+  r)CaCl2. 

Calcium  Sulfite,  CaS03,2H^O,  is  a  white  powder  obtained  by  mixing 
in  solution  a  calcium  salt  with  a  normal  sulfite.  A  solution  of  this  salt 
in  sulfuious  acid,  obtainc.l  by  passin<^  sulfurous  oxid  into  milk  of  lime, 
is  us(«(l  i;i  the  manufactun*  of  b<*cr,  being  added  to  the    cask  to  act  as 

an  antisf^ptic. 

Calcium  Sulfate,  CaSO^,  occurs  as  the  mineral  anhydrite  in 
rhombic  i)risnis.  (lypsuni,  alabaster,  and  selenit^e  are  various  forms 
of  CaS04,2Il20,  and  crystallize  in  monoclinic  prisms.  Calcium 
sulfate  is  ohtai  ed  artificially  by  treating  calcium  chlorid  with 
sulfuric;  acid  or  a  soluble  sulfate.  It  forms  a  fine,  white,  crystal- 
line precipitate,  which  is  hydrous  like  gypsum.  It  is  found  in 
natural  waters  and  constitutes  the  permanent  hardness. 

Calcium  sulfate  has  a  specific  gravity  2.3,  loses  its  water  of  crj'S- 
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taEization  when  heated,  is  slightly  soluble  In  water  (1  part  in  400), 
and  disHuh'e.s  m  acids.  When  lx>Ued  with  stdfurie  acid  and  cooled, 
the  acid  sulfate,  HaS0|,Ca80^,  crystallizes  out.  It  is  used  as  a  fer- 
tilizer,  m  the  manufacture  of  plaster  of  Paris,  and  as  a  filling  for 
writing-paper.  Alabaster  is  used  for  works  of  ornament  and  art. 
The  sculptures  and  bas-reliefs  of  the  ancient  Assyrian  and  Babylo- 
nian palaces  were  madr  in  alabaster. 

Plaster  of  Paris.— ^Tien  gypsum  is  heated  to  110^  it  loses 
[)ut  three  fourths  of  its  water  of  crystallization  and  becomes  the 
white  powder  called  pkist^  of  Paris,  When  this  is  mixed  with 
water  it  imites  with  it  again,  beconaing  a  rigid  solid.  Because  of  tide 
aroperty  it  is  used  as  a  cement  and  as  material  for  pla,ster  ca;5ts  and 
:»ulds.  It  hardens  or  seta  in  a  quarter  or  half  an  hour.  If  the 
^sum  ii5  too  strong y  heatefl  (2(KP)  it  loses  the  whole  of  its  water, 
la  eaid  to  be  dead  bumL  and  hardens  slowly  and  imperfectly. 

Botasslum  Calcimn  Sulfate,  KjCafSOiJjjHjO,  is  formed  when  potaiS* 
mum  and  caleiuin  sulfate^j  an*  niixRd  with  the  requisite  amount  of  water. 
The  mass  becomes  quiekly  solid.  It  talces  a  good  polish  and  may  be 
used  for  caatss  instead  of  pypsum* 

Sodium  Caklum  Sulfate,  NajCaCSOi)^,  occurs  m  the  mineral  glauherite. 

Calcium  Nitratet  CaCNOa)^,  is  formed  by  dissolving  calcium  salts 
in  nitric  acid.  It  is  a  white  deliquescent  soUd,  wMch  crystallines 
frcjm  soiution  with  4HjO,  It  is  constantly  formed  in  calcareous 
&oib  by  the  agency  of  r*ertain  baetCTia,  and  it  forms  an  incrustation 
on  the  walls  of  cattle-stalls,  hence  the  name  wall  saUpeter. 

Calcium  Phosphates.— The  nomml  calcium  phosphate,  CbJFO^^ 
is  a  conntituent  of  many  r«>cks,  and  is  found  in  more  or  less  impure 
masses  called  phasphate  beds.  It  is  the  principal  constituent  of 
honem  and  an  important  ftK)d  of  both  plants  and  animals.  It  b 
iDJy^luble  m  water,  but  soluble  in  arirls.  It  is  thrown  down  by 
ammonia  from  its  acid  soKitiona  as  a  white  gelatinous  precipitate, 
or  by  adding  sodium  phosphate  to  an  ammoniacal  solution  of  cal- 
cium chlorid. 

The  acid  calcium  phosphates,  CaH^CPO^)!  and  CaHPO^,  are 
forme<l  by  tlie  action  of  acids  upon  the  normal  phosi>hate.  The  for- 
mer is  easily  soluble  in  water,  while  the  latter  is  not.  Wlien  these 
are  heated  they  are  converted  first  into  the  pyrophosphate,  CXFjOy, 
and  then  into  the  metaphosphate,  Ca(POj)t. 


a^ 


mil 


494  INORGAmC  CHEMISTRT.  [Ch.  XXXIV. 

Phosphate  Fertilizers, — ^The  presence  of  phosphoric  add  or  ad- 
uble  phosphates  iu  soils  is  necessary  to  their  fertility.  Soils  deficient 
in  these  are  enriched  by  addition  of  a  phosphate  fertilizer.  The 
native  normal  calcium  phosphate  is  insoluble  in  water  and  maybe 
abundant  even  in  a  sterile  soil.  It  is  rendered  soluble  by  treatment 
with  sulfuric  acid  whereby  a  mixture  of  the  acid  calcium  phosphate, 
CaH4(P03)2,  and  calcium  sulfate,  CaS04,  is  obtained.  This  is  called 
mperphosvJwie  of  lime,  and  is  manufactured  and  used  in  large  quan- 
tities as  a  fertiUzer. 

Calcium  Carbonate,  CaCOs,  occiu*s  massive  as  limestone^  crystal- 
lized in  rhombohedrons  as  calcUey  and  in  rhombic  prisms  as  araganite, 
in  crystalline  masses  as  marble,  in  amorphous  or  semierystalline 
masses  as  travertine  and  stalactites,  and  in  beds  of  fine-grained 
material,  the  shells  of  microscopic  animals  (foraminifera),  as  chalk. 
It  is  the  essential  constituent  of  shells,  corals,  and  pearls,  and  is 
found  in  the  bodies  of  plants  and  animals  generally.  It  may  be 
obtained  artificially  by  treating  calcium  chlorid  with  a  soluble  car- 
bonate. The  precipitate  is  first  amorphous,  but  presently  becomes 
crystalline,  calcite  when  cold,  aragonite  when  boiled. 


Fio.  73.  —Crystals  op  Calcite. 

Calcium  carbonate  is  almost  insoluble  in  pure  water,  but  dissolves 
somewhat  in  the  pre.seuce  of  carbon  dioxid,  probably  changing  to 
the  hydrocarhonate  CaH2(C03)2.  One  liter  of  water  saturated  with 
carbon  dioxid  will  dissolve  0.7  gram  of  CaCOg.  If  the  solution 
be  allowed  to  stand,  cr\^stals  separate  having  the  composition 
CaCXJa.oH/).  Natural  waters  which  contain  from  5  to  30  parts  to 
1()0,00()  are  called  hard  waters  or  limestone  waters.  The  salt  is  pre- 
cipitated hy  boilinp:  the  water,  and  it  constitutes  the  ternporary  hard- 
ness.  It  dissolves  in  acids,  carbon  dioxid  being  evolved  with  effer- 
vescence. It  decom])oses  when  heated  and  at  600°  the  dissociation 
is  complete.     On  cooUng  the  parts  reunite :  CaCO  Zl  CaO  +  CO. 
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Of  the  two  native  allotypes,  aragonite  is  the  less  stable,  chang- 
ing  at  30«F  to  calcite  and  falling  to  powder.  Calcite  hns  specific 
gravity  2*71,  amgoriite  2.94-  Very  pure  cryatJib  of  naloite,  caDed 
Iceland  ^par,  show  double  refraction  and  are  used  in  optical  instni- 
menl8. 

The  various  forms  of  calcium  carbonate  find  numerous  applica- 
tions in  the  arts.  Limestone  is  used  for  buikling,  as  a  flux  in  iron 
Bmeltiiig,  ill  the  manufacture  nf  lime.  Marble  and  the  purer  lime- 
stones are  iLsed  as  fine  buikliog  material,  for  gtatiiar}^',  and  in  the 
manufacture  of  glass.  Chalk  is  used  for  ^Titing-ciuyons  and  in 
the  manufacture  of  cements. 

Calcium  Silicates. — C'aleium  is  a  constituent  of  nearly  all 
aative  silicates,  some  of  which  are  almost  pure  calcium  silicate. 
E  '  -  are  imUustoniU\  CaSiOj,  QkenUe,  CaHiSij(\,H,0^  gurol^Uej 

{',._  ^pli/),  and  apophfllile,  4^CB.lir%^\Jil'M'W- 

Gla56> — Glass  is  essentially  an  amorphous  mixture  or  mutual 
stdutifjn  of  calciuox  (or  leatl)  and  alkali  silicates,  It  is  made  by 
fusing  together  quart;s  sand,  calcium  (or  lead)  carlxumte,  and  an 
alkali  carbt>nate.  Other  metals,  as  well  as  boric  and  phosphoric 
nvhh,  are  adde<l  for  special  purposes.  An  excess  of  the  alkali 
render;^  the  glass  ssifter,  more  fusible,  and  more  soluble*  Glass 
may  be  moulded  or  blown  or  wrvrked  with  the  blowpipe. 

Pure  glass  is  colorless.  Colors  are  obtained!  by  adding  metallic 
oxids;  uranium  or  riutimony  for  3"ellow,  cobalt  for  blue,  iron  or 
cliromium  for  green,  iron  or  copper  for  red,  manganese  for  violet, 
phosphoric  acid  or  calcium  fiuorid  for  opaque  white. 

Glass  which  lias  been  cot^lefi  rapidly  from  fusion  is  veiy  brittle. 
When  melted  glass  is  droppetl  into  water,  the  parts  are  left  under 
such  high  tension  that  upon  the  slight^t  fracture  of  the  surface 
the  whole  flies  to  pieces,  Exjimpleg  are  seen  in  Prince  Rupert 
drops.  To  render  the  glass  less  brittle,  it  is  annealed  by  allowing 
it  to  crml  very  slowly.     A  tough  glass  is  made  by  annealing  in  oil. 

Sodium  glasSf  sodium-calcium  sUicate,  is  ccmparatively  fusible, 
soft,  and  soluble  especially  in  alkalies.  It  is  cheap  and  easily 
Workerl  and  is  used  for  window  glass,  plate  glass,  and  ordinary 
bottles.     It  is  known  as  croicn  glass. 

PotufiRium  (jlam,  ptjtassiTun-calcium  silicate,  is  harder,  less 
siblc»  and  less  soluble  than  sodium  glass.     It  b  called  Bohenimn 

S8  and  ia  used  for  chemical  apparatus  and  cornbustion-tubing. 
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Flint  glass  or  lead  glass  is  a  potassium-lead  silicate,  lead  taking 
the  place  of  calcium.  It  has  a  high  refractive  power,  and  takes  a 
fine  polish.  It  is  used  for  lenses  and  for  the  fancy-ware  known 
as  cut  glass. 

Thallium  flint  glasSy  thalUiun-lead  silicate,  contains  thallium 
instead  of  potassium.    It  is  more  highly  refractive  than  flint  glass. 

Strass  or  Paste  is  a  flint  glass  rich  in  lead  which  is  so  brilliant 
and  hignly  refractive  that  it  closely  resembles  the  diamond,  from 
which  it  is  most  easily  distinguished  by  its  inferior  hardness.  It 
is  used  for  artificial  gems. 

If  molten  glass  is  cooled  too  slowly,  small  crystals  are  formed, 
and  it  loses  more  or  less  of  its  transparency.  This  is  called  devitrir 
ficationj  and  may  take  place  in  cold  glass  if  sufficient  time  is  allowed. 
Thus  very  old  glass  is  sometimes  white  and  semi-opaque. 

Glass  Manufacture. — Glass  was  made  in  Egypt  two  thousand 
years  before  Christ.  The  manufacture  gradually  spread  to  Greece, 
Rome,  and  Venice.  The  Venetian  colored  glass  was  already 
famous  in  'the  sixteenth  century.  Stained-glass  windows  were 
used  in  Limoges  in  979  a.d. 

In  making  glass  the  finely  ground  materials  are  thoroughly 
mLxed  and  placed  in  a  fire-clay  pot  along  wdth  a  little  broken 
glass  to  assist  the  melting.  The  charge  is  heated  in  a  furnace 
of  special  design  to  quiet  fusion,  or  until  all  gases  (COj,  SOj,  and 
())  are  expelled. 

The  (juantities  of  materials  used  for  some  typical  glasses  are 
as  follows  (Thorpe's  Indust.  Chem.): 


French  Plato 
Bohemian.  .  . 
Window.  .  .  . 
Lead  Hint.  . 
Bottle 


SiOj     Na^COj 

Na2S()4 

CaCOs 

CaO 

MnOa 

Pb30  4 

KpCOa 

Coke 

100 
100 

31 

14.5 

■  Ys ' 

0.25 

40 

100 

5 

37.5 

35.8 

0.4 

4 

100 

GO 

20 

100 

25 

34 

3 

Plate  glass  is  cast  on  an  iron  plate  or  table  and  brought  to  a 
uniform  thickness  with  a  heavy  iron  roller.  After  being  annealed, 
the  ))late  is  ground  to  a  perfectly  plane  surface  with  sand  and 
water,  then  polished  with  leather  rubbers  covered  with  emery- 
dust  or  f)utty-i^owder. 
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Window-glass  is  blo\^^*  A  ball  of  the  semi-fused  pasty  glass 
is  taken  on  the  end  of  an  iron  tube,  and^  by  blowing  through  the 
tut»e,  first  a  globe^  then  a  cylinder,  is  formed.  The  latter  is  cut 
longitudinally  and  allowed  to  spread  out  on  a  table.  The  edges 
are  tiiaimed,  the  glass  annealed,  and  the  sheet  finally  cut  into 
proper  sizes  for  the  market.  •         # 

Cut-glass  ware  is  blown  or  moulded  to  the  general  shape,  then 
rut  on  an  emery-wheel  and  polished  with  rouge  (iron  oxid)  or 
putty. 

Host  of  the  plain  glassware,  such  as  bottles,  tumblers,  di.^he*i, 
and  lamp  -  chimneys  t  are  made  by  blo'wing  tJie  glass  into  a  mould 
or  pressing  it  into  a  die^  much  of  the  work  being  done  by 
machinery. 

Calcium  Oxalate,  CaCjO^^  thou^rli  an  organic  salt,  deserves  mention 
"here.  It  fatts  a^.  a  white  crystalUne  pre€i]>itate  when  ammonium  oxalate, 
(KH|),C,Oti  is  added  to  a  neutral  soliition  of  a  calcium  salt^  It  is  ai- 
most  insoluble  in  water,  and  is  used  for  tlic  separation  and  determination 
of  calciimi. 


S>-mbol  Sr. 


STRONTIUM. 

Atomic  weight  87.    Valence  II  and  IV.    Specific  grav- 


ity 


Melting-point  about  7(XP. 


■  in  i 


Occuirencei — The  jiruieipal  native  eompounds  of    strontium 

cclcMUe,  SrSO^,  and  str&nt-mmle,  SrCOj.  Strontium  occurs  also 
To  small  I pmn titles?  a^ociate<}  with  hinest«mes  and  various  silicates 
and  m  ehlorid  and  sulfate  in  salt  waters, 

Histary. — In  1790  Cravv^ord  suggested  the  presence  of  a  peculiar 
earth  in  strontianite.  In  1791  Hope  and  in  1792  Klaprnth  venfied 
the  suggestion,  ]ya^y  preparerl  the  metal  by  electrolysis  in  1808. 
The  name  is  from  Strontian,  a  village  of  Arg^^llshire, 

Preparation. — Strontium  is  prepared  by  electrolysis  of  the 
ehlorid  or  hydroxid;  or  by  the  action  of  fi4:>diura  amalgam  upon 
strontium  ehlorid,  whereby  strontium  amalgam  is  foraied  from 
which  the  mercury  is  remo\^ed  by  distillation  in  a  current  of  hydro- 
gen. 

Properties* — Strontium  is  a  yellow  metal  of  specific  gravity  2.5 
and  somewliat  hanler  than  calcium ,  which  it  much  re*semblcs.  It  oxi- 
dize)? in  the  air  and  dccompfjses  water  vigorously^  Wben  hcat-ed  it 
bunis  in  air,  oxygen,  carbon  dioxid,  and  in  vapors  of  bromin,  iodin, 
and  sulfur.     It  decomptmea  water  slowly,  disstdves  in  acids,  and 
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reduces  silicic  oxid  and  silicates.    It  colors  the  flame  crimaoii  and 
has  a  characteristic  spectrum. 

STRONTIUM  COMPOUNDS. 

Strontium  is  chemically  active  and  forms  numerous  compounds 
exactly  analogou?  to  those  of  calcium.  Its  valence  is  two,  though 
in  a  few  compounds  it  acts  as  a  tetrad.  It  is  strongly  basic,  show- 
ing no  acid  properties  at  all.  Its  compounds  are  mostly  electrol}"t€s 
and  partially  dissociate  in  solution  with  the  free,  colorless,  positi^'e 
ion,  Sr*. 

The  thermal  relations  of  strontium  are  shown  by  the  fdlowmg  equa- 
tions: 

(Sr,0)     -128,400  c.    (Sr,H„OJ= 214,500  c    (Sr,S)      -  97,400  c 
(Sr,S,0,)  =  330,900  c    (Sr,X„0,)  -  209,800  c.     (Sr,C,OJ  -  281,200  c 

All  these  except  the  nitrate  develop  heat  on  solution  in  water. 

Strontium  Fluorid,  SrF„  is  a  white  crystalline  powder  prepared  by 
action  of  hydrogen  fluorid  upon  strontium  oxid  or  carbonate. 

Strontium  Chlorid,  SrCl,,  is  obtained  by  burning  strontiimi  in  chlorin 
or  by  dissolving  strontium  carbonate  in  hydrochloric  acid.  Long  hex- 
agonal efflorescent  needles  of  SrCljjGHjO  separate  from  the  solution. 
They  have  a  bitter  ta.ste  and  a  six^cific  gravity  1.6. 

Strontium  Bromid,  SrHr,,  is  obtained  by  heating  strontiiun  in  bromin 
or  l)y  dissolving  strontium  carbonate  in  hydrobromic  acid.  It  cn'stal- 
lizes  with  (>H..O. 

Strontium  lodid,  Sri,,  is  a  white  solid  obtained  by  dissolving  the  car- 
bonate ui  hydriodic  acid.     It  cr>'stallizes  with  GHjO. 

Strontium  Oxid,  SiO,  is  obtained  by  heating  the  hydroxid,  car- 
bonate, or  nitrate:  or  by  dccom]')osing  the  carbonate  by  means  of 
superheat(Ml  steam.  It  is  a  whit(^  porous,  infusible  solid  which 
slakes  with  water  like  lime,  forming  the  hydroxid.  It  dissolves 
readily  in  aeids. 

Strontium  Hydroxid,  SrH^O,,  is  formed  by  union  of  strontium 
0X1(1  with  water.  It  is  a  light  white  powder,  more  sojuble  m  water 
than  lime;  100  jxarts  dissolve  2  parts  when  cold  and  42  parts  when 
boiling.  It  crystallizes  from  the  solution  with  SHjO.  It  is 
prepanvl  in  quantities  by  the  action  of  sodium  hydroxid  upon 
strontium  sulfid,  SrS  ^  XaHO  4-  IT,0  =  NaH^S,  +  SrHA-  It  is 
strongly  alkaline  and  dissolves  in  nearly  all  the  acids  to  form  salts. 
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In  Buhition  it  dissociates  partially  iiito  the  strontium  ions  and 
hyilroxyl  ions. 

Strontium  hydroxid  is  used  in  the  manufacture  of  beet  sugar. 
It  forms  a  strontium  sac€hai*ate  which  is  easily  decomposed  by 
carbon  dioxid. 

Strontium  Dioxld,  SrOj,  eeparatea  us  a  crystaUiiie  hydrate,  SrOj,8H/>, 
upoo  iMJdition  of  hydrogen  peroxid  to  solution  of  tstrrmtiiim  liydroxid* 
ll  looiML^s  ilie  water  when  gently  beated,  and  at  red  heat  parts  with  half 
tht»  axygen, 

Su^ontium  Sulfidj  8rS,  is  obtamed  by  direct  union  or  by  reducing 
the  sulfate  witi^  carbon*  It  is  a  white  p<jwder  wdiich  dissolves  in  water 
to  form  both  the  hy^lroxid  and  the  hydrosuLfid: 

SrS  +  2HiO  =  SrHjO.  +SrHiSa. 

When  strontium  sulfid  is  boiled  witti  sulfiir  and  water  the  polysulficbj 
4  and  *Sr8„  ar^t  formed. 

Strontium  Salts,— Strontium  forms  definite  salts  with  nearly  all 
the  aeitift,  acting  always  with  the  valence  two. 

Strontium  Sulfate,  Sr80^,  occurs  iiativ  e  as  celestit^  in  rhombic 
erysrtab  and  filiroua  masses.  It  is  preparetl  by  the  action  of  sulfuric 
acid  upon  strontium  salts.  It  is  slightly  soluble  in  cold  water,  less 
so  in  hot  water.  It  is  convertjed  by  alkali  carbonates  into  stnintium 
c;arl>onate,  differing  from  barium  sulfate,  w^hieh  is  not  thus  changed. 
With  strong  sulfuric  acid  it  forms  the  acid  sidfate  SrHjCSOJj,  simi- 
lar to  the  corresponding  calcium  compound. 

Strontium  Nitrate,  8r(NO,)3,  is  obtained  by  dissohing  the 
e4irbnrmt4>  in  nitric  ackl  From  cnncentrateti  solution  it  separates 
anhydrous  in  r^ular  octahcfirons,  but  from  dilute  solutions  efflores- 
cent, nKuioclinic  crystals  of  SrtNOa)^  ,411^0  are  obtained*  Wlien 
combustibles  are  mixed  with  it  they  burn  with  the  crimson  stron- 
XAum  flame.    It  makes  the  pyrtitechnie  red  fire* 

niufitmtion. — To  show  the  strontium -flame  mid  a  little  strontium 
nitraic  tu  a  mixture  of  potaswium  clilorate  and  i*ugar  and  net  on  fire. 

Strontium  Carbonate,  SrCO,,  nceurs  as  strontianit^  in  rhombic 

cryjitals.  It  is  precipitated  as  a  white  amorplious  pomcler  when  an 
alkali  carlionate  acts  upon  a -strontium  salt.  It  is  decomposed  by 
beat,  but  not  quite  s<j  ea^^ily  as  calrium  carbonate.  It  dissiilves  in 
the  acids  an<l  serv^es  as  the  most  convenient  mat-erial  for  the  prepara^ 
lion  of  strontium  compounds. 
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BARIUM. 

SjTnbol  Ba.  Atomic  weight  137.4.  Valence  II.  Specific  grav- 
ity 3.6.    Melting-point  600**. 

Occurrence. — The  principal  native  compounds  of  barium  are 
barytes  or  heaiyy  spar,  BaSO^,  often  associated  with  lead  ores;  tciUi- 
erUCy  BaCOg;  and  double  carbonates  and  sulfates  of  barium,  calcium 
strontium,  and  manganese.  It  is  also  a  constituent  of  many  sili- 
cates and  is  found  in  sea-  and  mineral-waters. 

HistQry. — In  1602  a  Bolognese  shoemaker,  V.  Caseiorolus,  ob- 
served that  heav>'  spar  became  phosphorescent  when  ignited  with 
a  combustible.  In  1774  Scheele  discovered  a  new  earth  which  Gahn 
showed  afterwards  to  be  found  in  heavy  spar.  Davy  obt^ed  the 
metal  by  electrolysis  in  1808.  The  name  is  from  the  Greek  word 
bams  J  which  means  heavy  y  and  was  suggested  by  Guyton  de  Morveau, 

Preparation. — Barium  is  obtained  with  more  difficulty  than  any 
other  clement  of  this  group,  and  it  is  doubtful  whether  it  has  yet 
been  separated  in  the  pure  state.  It  is  prepared  by  electrol3rsis  of 
the  chlorid  or  by  treating  the  chlorid  with  sodiima  amalgam  and 
decomposing  the  barium  amalgam  by  heating  it  in  a  stream  of 
hydrogen. 

Properties. — Barium  is  a  yellow  metal  of  specific  gra^^ty  3.6. 
It  iiK'lt.s  lit  red  heat,  but  is  not  volatile.  It  tarnishes  in  the  air,  de- 
C()iiip()S(\s  \vat(T,  and  dissolves  in  the  acids.  It  cannot  be  prepared 
oil  a  lar^e  scale  and  has  no  use  in  the  arts.  It  is  recognized  by  its 
insolul)le  sulfate. 

uaru:m  compounds. 

J^ariuni  is  chemically  the  most  active  member  of  its  group.  It 
forms  numerous  compounds,  acting  generally  with  a  valence  II.  It 
imj)arts  a  i)ale  yellow ish-^reen  color  to  a  flame  and  has  a  charac- 
teristic spectnnn.  Its  compounds  are  best  obtamed  from  the  sulfid, 
since  the  sulfate  and  carbonate  arc  insoluble.  All  soluble  barium 
compoimds  are  poisonous  and  the  solutions  contain  the  bivalent 
positive^  ion  Ba".  Some  barium  compounds,  especially  the  sul- 
fid, exhi]>it  radio-activity,  tliat  is,  emit  invisible  rays  which  actuprm 
photo,LTaj)hic  plates. 

Some  of  the  thennal  equations  are  as  follows: 
rBa,())        =124,200c.      (BaA)       =141,600c.      (Ba,S)       =   08,300c. 
(Ha,n,,02)  =  21 4,900  c.      (Ba,(n,)       =  104,700  c.      (Ba,Br,)   -170,000  c. 
(Ba,S,(),)    =338,1000.      (Ba,N2,0«)  =  178,700  c.      (Ba,C,0,)  =  283,400  c 
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^e  Jieat  of  aolution  b  gedcralty  positive,  but  in  a  few  ca^es  negative: 

(BaO,Aq.)  -  34,5CK)  e.     [Ba(XOJ|,Aq,)  -  -  9,400  e, 
(BaClO^Aq,)  =  -  6,700  c. 

Barium  Fluoridj  BaFj,  is  a  white  crystalline  solitl  obtained 
by  the  action  of  sodium  fluorid  upon  barium  nitrate*  or  hydrogen 
fluoriti  upon  barium  oxid. 

Barium  Chlorid,  BaCl,,  is  formed  by  the  action  of  hytlrochlorie 
acid  upon  the  oxld,  sulfid,  or  carbonate  -of  bariuuK  It  is  a  white 
crystalline  solid  forming  rhombic  tables?  of  composition  BaCl,2H20, 
lich    lose    the    water  of   crvHtallizatinn    at    IIS'^,     It  tlissolves 

ut  one  part,  in  two  of  water,  but  is  aln>ost  insoluble  in  hydro- 
obloric  aeid  and  alcohoL  It  melts  at  red  heat,  and  the  fused  salt 
is  alkaline  because  of  t!ie  formation  of  a  little  barium  oxid. 
It  has  a  bitter  taste  and  b  poise  mous. 

Barium  Bronudj  BaBr^,  is  formed  by  the  action  of  hydrogen  bromid 
upon  barium  hydroxid  or  barium  enllid*  It  is  a  white  solid,  crystalliz- 
ing  with  2Hp»  unc  half  of  whicJj  it  loses  at  73^  and  all  at  lOO^. 

Barium  Ipdidj  Bui,,  \a  obtained  by  the  action  of  hydrogen  iodid  upon 
barium  hydroxid  or  sulfide  It  ifi  a  white  solid  which  forms  varioui^  hy- 
dratefl* 

Baiitim  Oxid,  BaO,  is  obtained  by  burning  barium,  or  by  ignite 
ijig  the  nitrate,  or  by  reducing  the  carbonate  with  carbon.  »SmaU 
quantities  may  l>e  prepared  by  igixiting  the  iotlate,  Ba(lO^.  =  I2  + 
50  +  BaO,  It  is  a  heavy  white  crystalline  mass  w^hich  has  specific 
gravity  4.73  atid  rnelts  at  red  heat.  On  contact  witli  water  it  slake^a 
vigorously,  becoming  red-hot.  When  heated  in  the  air  it  talces 
oxyi^n  and  becomes  BaOj* 

Barium  Hydroxid »  BaHjOj,  is  obtained  by  union  of  barium 
codd  and  water  or  by  reducing  the  carlxrnate  with  superheated 
steam:  BaCO,  +  Hp  ^  CO^  +  BaH^O^.  It  is  a  looee  \^hite  pow- 
der which  melts  at  a  low^  red  heat  and  cools  to  a  crystalline  mass  of 
ifie  gravity  4.5.     It  dissolves  in  water  in  increasing  quantities 

Oie  temperature  rises,  3.5  parts  at  20^  and  90  parts  at  100*^  in  100 
Tlie  solution  is  called  baryta-water,  is  more  alkaline  than 
■water,  and  absorbs  carbon  dioxid,  precipitatinpj  barium  car- 
bonate, BaCOjj.  It  cryst^Uizes  from  solution  as  BaH^Oj.SHjO, 
which  is  efflorescent,  losing  7H,0  on  exposure  to  the  air.  It  is 
wholly  bofilc,  dissolving  in  the  acids  to  form  salts. 
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Barium  hydroxid  is  much  used  as  an  alkali  in  anal3rtical  proc- 
esses, being  specially  adapted  for  certain  actions,  since  the  excess 
is  easily  removed  as  carbonate  or  sulfate. 

Barium  Dioxid  (Peroxid),  BaO,,  is  obtained  by  heating  the 
oxid  or  hydroxid  to  450^  in  dry  oxygen  or  in  air  free  from  carbon  di- 
oxid. It  is  a  white  powder  which  loses  half  its  oxygen  at  red  heat 
It  forms  the  hydrate  Ba02,8H,0,  which  loses  its  water  at  130^ 
and  which  may  be  formed  directly  by  action  of  hydrogen  peroxid 
upon  barium  hydroxid:  BaHjO,  -h  H3O2+  6H,0=Ba02,8H20.  It 
dissolves  in  acids  to  form  the  ordinary  barium  salts.  It  is  used  in 
the  preparation  of  hydrogen  peroxid. 

Barium  Sulfid,  BaS,  is  obtained  by  heating  barium  oxid  in  a 
stream  of  hydrogen  sulfid  or  by  reducing  barium  sulfate  with  car- 
bon. It  is  a  white  powder  which  forms  the  crystalline  hydrate 
BaS,6HjO,  and  which  acts  with  water  to  form  the  hydroxid  and 
hydrosulfid  BaS  -h  2H,0  =  BaHjO,  +  BaH^. 

Barium  Hydrosulfid,  BaH^S,,  is  obtained  as  above  or  by  passing  hy- 
drogen sulfid  through  solution  of  BaS  or  BaH,0,. 

Barium  Polysulfids. — By  action  of  sulfur  upon  barium  sulfid  the  pdy« 
sulfids,  BaSj,  BaS^,Hj^i  a^^d  BaS,  may  be  formed. 

Bononian  Phosphorus. — Phosphorescent  barium  sulfid  may  be  pre- 
pared by  mixing  5  parts  precipitated  barium  sulfate  and  1  part  carbon 
and  igniting  for  ten  or  fifteen  minutes.  The  mixture  is  placed  in  tubes 
while  hot  and  sealed.  On  exposure  to  sunlight  or  magnesium  light  it 
phosphoresces  in  the  dark,  with  an  orange-colored  light.  This  is  called 
Bononian  or  Bolognian  phosphorus,  after  the  Bolognese  shoemaker  who 
first  pre[)ared  it. 

Barium  Salts. — Barium  and  its  oxid  and  hydroxid  are  soluble  in 
mojst  acids,  and  nearly  all  the  theon^tical  salts  have  been  prepared. 
Only  a  few  of  them  are  soluble  in  water,  but  most  of  them  dissolve 
in  acids.     They  are  generally  isomorphous  with  the  calcium  salts. 

Barium  Chlorate,  Ba(C103)2,  is  obtained  in  monoclinic  prisms  by  the 
action  of  chloric  acid  upon  barium  carbonate. 

Barium  lodate,  Ba(103)2,  is  obtained  by  action  of  barium  chlorid  upon 
potassium  iodate  as  a  white  granular  solid  slightly  soluble  in  water. 

Barium  Sulfite,  BaSO,,  is  preci[)itated  from  barium  solutions  by  sulfite 
ion  \xs  a  white  powder,  soluble  in  hydrochloric  acid. 

Barium  Sulfate,  BaS04,  oc(;urs  native  as  heavy  spar  in  white 
rhombic  prL^nis.  It  Ls  precipitated  from  barium  solutions  by 
sulfuric  acids  or  soluble  sulfates  as  a  white  powder  of  specific 
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gravity  4.5.  It  is  almost  insoluble  in  watcr^  one  part  reqiuring 
400,00(J  parts  of  water.  It  is  slightly  soluble  in  aclds^.  Heated 
with  sulfuric  acid  and  cooled,  it  fomis  cn^stiils  uf  1^113(^04)3  wth 
or  without  2HjO, 

Barium  sulfate  is  much  uHetl  as  an  ail ulte rant  of  white  lead  and  as 
a  conatituent  of  nibced  paints,  and  also  as  a  weighting  material 
(or  canjs  ami  paper. 

Bariwro  Disulfate,  HaS^O,,  b  formed  as  a  white  precipitate  by  the 
action  t»f  ijiMiilfuric  acid  upon  barimn  i?ulfate. 

Barium  Selenat«,  HaSeO^,  m  a  wliite  solid  obtained  Uy  action  of  barium 
cMorid  upon  alkali  selenate^. 

Barium  Nitrate,  BafNOj)^,  is  prepare<l  by  action  of  barium 
chlorid  upon  alkali  nitrates  or  by  action  of  nitric  acid  upon  barium 
carbonate  or  sulfid-  It  crystallines  from  sohiti<in  in  mixed  cubes 
and  octahedrons,  has  specific  gravity  3.2^  and  melta  at  597^^.  Its 
Rolubility  increases  with  the  temperature,  100  parts  of  water  dis~ 
solving  9  part^  at  20'",  17  at  50*",  and  32  at  100°.  When  strongly 
heated  it  decomposes,  leaving  Bat). 

Barium  nitrate  is  used  for  the  green  fire  in  pyrotechny  and  in^* 
ttie  niaiiufacture  of  the  explosive  called  saxifragin,  which  containa 
76  parts  barium  nitrate.  22  parts  carbon,   and  2  parts  potassium 
nitrate. 

Barium  Phosphates. — The  normal  ealt,  Ba,(PO^),^  the  two  acid  salts, 
BaHPO^  and  l^al  1/^02)2,  and  various  double  salts  have  bt'en  prepared. 
Arsenates  and  antinionates  of  barium  are  similar  to  phosphates. 

Barium  Carbonate,  BaCO^,  occurs  as  witherite  in  rhombic  prisms 
id  pyramids  i&onion>hou8  with  aragonit*?.  It  is  o1>tained  by 
ding  ammonium  carbonate  to  solution  of  barium  chlorid,  as  a 
dense  whit^  precipitate  soluble  in  14»(XK'J  parts  of  wat4?r.  It  fuses 
at  red  fieatt  loosing  a  portion  of  the  COj  anci  iK^coniing  alkaline.  It 
furnishes  the  most  convenient  material  for  the  preparation  of 
barium  compounds  and  is  used  as  a  rat  poison. 

Barium    Silicates.— Barium  i^  a  constituent  of  a  number  of  native 
]catc?s.     'The  normal  salt,  BaSiQj,  may  be  ebtaineil  as  a  white  pre- 
by  adding  barium  ctilorid  or  nitrate  to  dtlnte  solution  of  sodium 

FluosiUcEte,  BaSiF,,  is  thrown  down  in  line  crystals  when 
Buosillcic  acid  acta  upon  a  soluble  barium  salt* 


i^iJ. 


CHAFrEH  XXXV. 
GROUP  II B.    THE  ZINCOIDS.     ZINC  GROUP. 

Zinc  65.4.     Cadmium  112.4.     Mercury  200. 

Zinc,  cadmium,  and  mercury  are  metallic  in  both  physical  and 
chemical  properties,  but  zinc  is  less  basfc  than  the  others  and  is 
even  acidic  in  a  few  compounds.  As  the  atomic  weight  increases  the 
specific  gravity  increases,  but  the  melting  and  boiling  temperatures 
diminish.  They  dissociate  when  volatilized,  so  that  the  molecule 
contains  but  one  atom,  as  is  shown  by  the  fact  that  the  vapor  density 
and  the  atomic  weight  are  practically  the  same.  Zinc  and  cadmium 
are  usually  associated  together  and  are  much  alike.  Mercury  is 
peculiar  in  that  it  is  the  only  metal  liquid  at  the  ordinary  tempera- 
ture, and  that  it  forms  no  hydroxid.  They  are  all  bivalent,  but 
mercury  acts  also  as  a  pscudo  monad. 

The  following  tabic  exhibits  some  leading  physical  properties: 

Atomic  WoiKht.     Specific  (iravity.     Melflnjr-point.    Boilingrpoint. 

Zinc 05  7.10  420°  927° 

C^aihiiiuin 112  .^.Oo  317°  772° 

Mercury 200  13.6  -  39°  357° 

Symbol  Zii.  Atomic  weight  05.4.  Valence  II.  Specific  gravity  7.0. 
Mcllin^-])()inl  420°.     Boiling-pohit  950°. 

Occurrence. — Zinc  has  been  found  free  in  small  quantities  in 
Australia.  Its  principal  ores  are  .wiithsojiite,  ZnCOj,  zinc  blende 
ZnS,  cnlatninc,  Zn2SiO^,H2( ),  zincitr,  ZnO,  gahnite^  ZnAlC\,  and 
mixed  coni})oiin(ls  of  zinc  with  lead,  iron,  copper,  et<?.  Traces  of 
zinc  are  found  in  some  waters  and  in  the  plant  and  animal  bodies. 
Zinc  is  found  in  nearly  all  countries,  but  is  particularly  abundant 
in  association  with  the  lead  of  Missouri,  Wisconsin,  Iowa/ and 
Illinois. 
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Histcwy.— The  alloy  of  ^inc  antl  copper^  called  brasSf  was  known 
to  the  aneientiS,  but  zinc  was  not  re:*cognized  as  a  dietinet  metal  until 
tlie  time  of  ParaceUus,  in  the  aixteentli  century.  The  name  was 
first  used  by  Valentine  in  the  fifteenth  century.  Zinf'  of  rca.son- 
able  purity  was  prepared  by  HeBckel  in  1720. 

Preparation* — Pure  s^inc  is  prepared  by  rei luring  the  artificial 
earbomitc  with  carbon:  2ZnC0a  +  C-;C02  f  2Zn, 

Zinc  is  extracted  from  its  ores  by  a  double  process  of  oxidation  and 
reduction.  The  ores  mo^t  u^ed  are  the  carbonate  and  the  solfid.  They 
are  first  roa'ited,  whereby  the  carbonate  h  decomposed,  ZnCOj  =  COj  + 
ZnO,  and  the  sultid  oxidized^  ZnB  H-  30  =  80,  +  ZnO.  The  nxxd  ihm 
obtained  is  mixed  with  coke  and  heated  to  redness.  The  xinc  distils 
and  is  condensed  in  iron  receivers.  The  receivers  contain^  besides  the 
fiise<i  ^ine,  a  gra}'  powder  called  lincdunt,  a  mixture  of  zinc  and  ainc  oxid. 

Physical  Properties,— Zinc  is  bluish-white,  brittle,  iniMleratdy 
hard,  melts  at  420*^,  and  boils  at  930^.  The  vapor  has  a  density 
etiual  to  one  half  the  atomic  weight,  anil  tlie  molecule  is  therefore 
monatoniic.  It  crystallines  in  hexagonal  prt^nis  and  pyraniidB  of 
Bpeeific  gravity  7.0  to  7*2.  At  100°  it  is  malleable  and  ductile,  but 
at  300^  it  is  again  brittle  and  may  be  puh'erissed.  After  l>cing  rolled 
or  drawn  it  m  no  longer  brittle  when  eokh  It  expands  as  it  solidifies 
and  makes  ehnrp  castings.     Its  spec*iiie  heat  is  0,093, 

Chemical  Properties. ^Zinc  tarnishes  in  moist  air,  becoming 
covered  witli  a  thin  layer  of  basic  carbonate,  and  when  heated  bums 
with  a  white  flame  to  xine  oxi«L  Hot  water  is  decomposed  by  zinc- 
dust  and  the  zinc-copper  couple  (made  by  letting  zinc  stand  for  a 
tintc  in  a  solution  of  copper  sulfate).  It  dissolves  m  alkali  hydroxids 
and  dilute  acids^  evolving  hydrogen-  It  acts  violently  upon  nitric 
acid,  decnm posing  it»  and  forming,  Ijesidefis  zinc  nitrate,  nxids  of 
nitrogen  and  ammonia.  Pure  stinc  is  scarcely  attacked  by  strong 
aetdsi  the  surface  becoming  covered  with  a  layer  of  ccftridenaed 
hydrogen^  which  protects  the  metal. 

Uses* — Zinc  is  used  in  sheets  for  various  domestic  purposes,  for 
galvanising  iron,  for  negative  electrodes  in  galvanic  batteries,  as  a 
reagent  in  bboratories,  and  in  the  manufacture  of  various  alloys, 
t>f  which  brass  is.the  most  impffrtant.  Zinc-dust  is  used  as  a  rerluc- 
ing  agent  and  as  a  paint  for  iron  articles.  Iron  is  galvanized  by 
dipping  it  in  melted  zinc.  The  zinc  covers  the  s\irfaee  of  the  iron 
with  a  film  not  easily  attacked  by  the  atmosphere. 
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Alloys  of  Zinc^Zinc  forms  homogeneous  alloys  mih  mmt 
metalSt  as  tin,  copper,  silver^  and  antimony,  while  ^itli  others,  as 
lead  and  bismuth,  it  fuses  in  all  proportions,  but  on  cooling  separates, 
each  metal  retaining  a  definite  amoimt  of  the  other.  It  b  to  this 
property  that  \^  due  its  use  in  desilverizing  lead.  For  composition 
of  the  alloys  see  under  Copper, 

COMFOUNUS   OF  ZINC. 

Zinc  Ls  chemically  quite  active  and  its  compounds  are  numerous. 
It  is  bivalent  and  mostly  basic,  though  with  strong  alkalis  it  has  a 
weak  acid  character  and  forms  zincates.  It  }'ields  the  bivalent  pos- 
itive ion  Zn"%  which  is  colorless  and  poisonous. 

The  heat  of  formation  of  a  few  compounds  is  as  follows: 

(Zn,0)   =S5,S00c.     {tiiJA^jO^)^irj\,\mt:.     (2ii^,0J»  230,000  c/ 
(Zn,Clj)  =  97,200  c,     (Zn,Br,)      =  76,000  c.     (Zn,L)     =   49.200  o. 

All  theae  compounds  develop  heat  in  dissolving  in  water. 

Zinc  Fluorid,  ZnF^,  is  obtained  by  heating  ainc  oxid  in  a  stream  of 
hydrof^erx  Hitorid  as  colorless  monoclinie  needles  of  specific  gravity  148. 
It  fomis  with  water  several  hydrates. 

Zinc  Chloridi  ZnCl^,  is  prepared  by  the  action  of  chlorin  upon 
zinc,  or  of  hydrochloric  acid  upon  nnt  or  its  compounds^  or  by  dis- 
tilling together  zinc  sulfate  and  calcium  chlorid.  It  is  a  soft,  whit-e, 
deliquescent  soli<l  whicli  nielt?^  at  100°  and  distils  at  680^.  It  fonns 
a  caustic  solution  in  water  from  which  crystals  of  ZnCL^H^O  may  be 
separated.  Wtcn  the  solution  is  evaporated  it  decomposes,  j'ieldmg 
zinc  oxifl  and  hydrochloric  acid  and  the  basic  chlorid  Zn(HO)CL  It 
forms  double  chlorids  with  alkali  metals,  as  ZnCl3.2KCL 

Zinc  chlorid  is  used  as  a  caustic  in  surgery,  as  a  dehydrating 
agent,  as  an  antiseptic,  especially  for  the  preserv^atioa  of  wood,  as  a 
help  in  soldering,  and  as  a  weigliting  material  for  cotton  goods.  A 
mixture  of  oxid  and  zinc  chlorid  sets  quickly  to  a  hard  mass  and  has 
been  used  in  filling  teeth* 

Zinc  Bromid^  ZnBr,,  i^  prepared  by  heating  zinc  and  bromin  vapor 
or  by  dis-^olving  zinc  hydroxid  in  hydrobromtc  acid.  It  forms  white 
deliqiieaccnt  needles. 

Zinc  lodid,  Znl,f  is  prepared  by  heating  the  elements  together  or  by 
digesting  lodin  in  water  containing  suspended  zinc.      It  forms  white 
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ociahednd  crj-staJs  of  specific  gravity  4.7,  which  melt  nt  446*^  antl  lioil 

at  524^.     It  forms  double  icKlids  ivitli  the  alkali  metaJs 

Zinc  Cfinid,  ISn{CN)j,  m  nhtained  by  precijii toting  zitk^  acetate  with 

hj*dr«)€3^anit^  acid*     It  is  li  whitt^  powder  and  h  Ui^cd  m  uiediciue. 

t 

Zinc  Oxid,  ZnO,  occurs  as  the  mineral  lincite  in  red  or  yellcjw 
hexagiinal  crystals  of  speeifie  gravity  5.4,  The  cuh>r  is  due  U)  the 
pre^'wce  of  a  small  amuuiit  uf  manganewo*  It  may  bc^  itr€|>are(!  by 
burning  Eiiic  in  the  air  or  by  igiiiting  the  carbonate  or  nitrate,  it 
18  a  lae>se,  flaky,  white  powtier  whicli  was  eaile<l  by  the  alclieinists 
j^ilosophers*  wooL  It  turns  yellow  when  heated,  but  whitens  a^aln 
^  it  cools.  In  the  oxy-hydrogen  flame  it  <lt*es  not  ineU, butetiiit.^ 
%ix  intense  wiute  light  like  lime,  antt  reniains  for  some  time  phosphor- 
escent. It  h  insoluble  in  whaler,  but  dig,solves  in  acids  to  fonn  salts. 
It  is  n^ed  m  a  pigment  called  zinc  white  or  pcrfnanefd  iDhite.  It  drjes 
not  darken  in  the  air  like  Avhite  lead,  since  the  sulfid  is  white. 

Zinc  Hydroiid,  ZnKJLy^t  is  precipitated  fnim  zinc  solutions  as 
a  white  powder.  It  dissolves  in  excess  of  the  alkali  as  alkali 
zincate,  hut  separates  from  the  solution  as  ZnH/X,H;,0  in  regular 
iictahctlrons.  It  disssolve.s  in  ammtmiti  to  form  compounds  of  the 
zim*  ammonium  ion  Zn(NH3)„,  in  which  n  may  have  several  values. 
Whim  heated  it  loses  water,  then  dissociates  into  ZnO  and  lljiK 

Zinc  Sulfid,  ZnS,  occurs  as  zinc  bkmle  crystallized  in  isometric 
forms,  chiefly  tetrahedrons  of  specific  gravity  about  4,  or  aJS  ttmrtt- 
iie  in  hexagonal  crystals.  It  ma}'  l>e  prepared  by  direct  union  of 
the  elements  or  by  action  of  ammonium  sulfid  upon  zinc  solutions. 
It  is  a  white  powder  insoluble  in  w  ater.  soluble  in  dilute  acids  except 
04*etie,  It  is  precipitated  by  hydrogen  sulfid  from  zinc  acetate  solu- 
lion,  and  this  reaction  serves  to  separate  zinc  from  otiier  metals. 
It  is  the  only  metallic  sulfid  which  is  white. 

Zinc  Pefltftsulfid,  Zn^s,  is  fofjucd  when  potfrssiam  pentasulHd  m  added 
to  a  kIuc  snhttiou, 

Zin4  Sel€nid,  ZuSe,  m  obtained  by  heating  line  in  hydrt>gen  &t*lenid 
a^  rcd*fi!#h-yellow  isometric  crystak. 

2mc  T^Uurid,  ZnTe,  is  obtained  in  ruby-red  isomelric  cr)^stal^^  bv 
tieattng  i;inc  iii  hydrogen  tcllurid, 

Zinc  ffitrid,  Zn,X„  h  a  grsiy  [Jo^vder  obtained  by  heating  zincamifi, 
ZniSlhK 

Zinc  Phosphid,  Zo.P  ,  is  a  gray,  Itj^ilroa^,  metallic  solid  obtained  by 
iting  line  and  |ihoL^phorus  togetfier  and  by  various  other  reactions. 
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The  compounds  ZnSiF„6H,0,  ZnTiF,,  and  ZnSnF„6H,0  have  been 
prepared. 

Zinc  Salts. — Zinc  salts  of  most  of  the  acids  are  easily  obtained, 
and  there  are  basic  carbonates,  sulfates,  and  nitrates.  They  are 
mostly  white,  crystalline,  and  soluble.  The  chlorate,  perchlorate, 
bromate,  iodate,  and  periodates  are  obtained  by  dissolving  zinc  car- 
bonate in  the  corresponding  acid. 

Zinc  Sulfate,  ZnS04,7H20,  is  prepared  by  dissohing  zinc  in  sul- 
furic acid  or  by  roasting  zinc  sulfid  with  free  access  of  air.  It 
crystallizes  from  the  solution  in  rhombic  prisms  with  7H,0.  The 
crystals  effloresce  and  at  100^  lose  6HjO  and  at  300°  become  an- 
hydrous. If  the  evaporation  is  conducted  at  40°  the  hydrate 
ZnS04,6H2()  is  obtained.  It  is  quite  soluble  in  water,  100  parts  dis- 
solving 160  at  18°  ancf  654  parts  at  100°.  It  forms  double  salts  wth 
the  alkali  sulfates,  as  ZnS04,K2SC)4,6H20,  and  when  heated  it  decom- 
poses, leaving  tlie  basic  salt  Zn804.2ZnO,  or  Zn<9[[^2  Z^q-^^ 
At  white  heat  all  the  zinc  sulfates  are  decomposed,  leaving  zinc  oxid. 

Zinc  sulfat<^  is  white,  has  an  astringent  taste,  is  poisonous,  and  is 
used  in  medicine  and  in  dyeing.  The  old  name  for  sulfuric  acid  was 
oil  of  vitriol,  and  certain  of  the  sulfates  were  called  i^iirioh.  The 
more  inii)()rtant  ones  were  white  vitriol,  ZnSO^JHjO,  grecji  vitriol, 
FeS(),,71l2().  and  blue  vitriol,  (^iS( J^.^HoO. 

Zinc  selenato,  seleuite,  tungstates.  and  vanadates  are  f onneii  by 
the  usual  reactions. 

Zinc  Nitrate,  Zn(N03)2,61IoO,  is  formed  by  the  action  of  zinc 
upon  nitric  acid.  It  forms  deliciuescent  crystals  which  loose  water 
and  nitric  a('i<i  at  100°  and  leave  basic  zinc  nitrates. 

Zinc  forms  salts  with  all  the  acids  of  phosphorus,  viz.,  hyj^ophos- 
phites,  ph()s|)liites,  and  ortho.  nieta,  and  pyro  phosphates.  It  also 
forms  similar  derivatives  of  arsenous  and  arsenic  acids. 

Zinc  Carbonate,  ZnCOg,  occurs  native  as  smithsonite  in  rhom- 
bohedroiis  of  specific  gravity  4.42.  It  is  obtained  as  aw-hite  precip- 
itate when  an  acid  alkali  carbonate  (XaHCOa)  is  added  to  a  solution 
of  zinr  sulfate.  When  the  normal  alkali  carbonate  is  used  basic 
zinc  carbonates  are  thrown  down  and  they  are  more  basic  as  the 
temperature  is  higher.  The  basic  carbonate,  ZnCO3,2Zn(HO)2,H20, 
is  us(h1  in  medicine  under  the  name  of  ziiici  carhonas. 
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Zinc  Silicates. — Ortha  rinc  silicate,  Zn^SiOijHa*^^  occurs  as  the 
Mineral  aUamine  in  wliite  rlionibic  prisms.    Zinr  is  also  a  constit* 
uent  of  a  number  of  othrr  Bilicates*     Zinc  metasUicate  is  obtained 
in  rhombic  cryBtals  by  action  of  stxiium  silicate  upon  i:inc  suifate, 


CADMIUM. 


Specific  gravity  8.6^ 


Smlwl  Cd.     (Vtomic  weight  112.4*  Valence  H* 

dtmg-point  317*",     Bgiling-point  772^ 

Occiirrence*-— Tho  only  pi»re  compound  of  ca^imium  found  native 
t[n>  suifid  CMS  in  tlit*  rart^  mineral  greentyckUe.     Cadmium  is  found 
in  many  zinc  orcs^  tlie  quantity  reaching  5  per  cent  in  those  from 
SUt'Hia  and  3  per  cent  in  some  North  American  ores, 

^ History* — ('admium  was  discovered  by  Stromeyer  in  IS  17  and 

^■bout  the  same  time  by  Hermann.     It  was  namc<l  by  8tromeyer 
^^mdmia  fomitum  (furnace  zin(*)t  because  it  was  found  in  the  zinc 
^^imaee,  cadmia  being  tiic  original  name  for  zma. 
■  Preparatioji, — Cadmium  Is  generally  prepared   by  separation 

from  the  zinc  ores.     Being  more  volatile  than  zinc  it  comes  over 
with  the  first  portion  of  the  distillate  from  the  zinc  furnace  partly 
tlie  metal  and  partly  as  the  oxid.     It  is  further  separated  by 
di^stUlutifin  antl  then  reduced  with  carbon^  or  it  nia}^  l>e  dissolved 
acid,  precipitated  as  sulfidj  redissolved  in  aeld,  precipitated  as 
earbnnate,  and  then  reduced. 

Physical  Properties,-^adniium  is  a  white,  malleable,  ductile 

letal,  a  httle  harder  than  tin,  and  of  specific  gravity  8.0.     It  melts 

320^  and  boils  at  77(1°,  yielding  a  yellow  vapor  of  disagreeable 

or.     Its  vapor  density  is  half  its  atomic  weight,  and  its  molecule 

therefore  monatomic.     It  cnt'stalliases  in  regular  octahedrons,  and 

hen  a  bar  is  bent  it  crackles  like  tin.    Its  specific  heat  Ls  0.055. 

Chemical  Properties,— (Jadmium  does  not  act  upon  water,  but 

st^ani  is  deeomposiHl  by  cadmium  vapor.    Cadmium  tarnishes 

slrmiy  in  the  air  and  bums  w^hen  heated  to  Cd(3.     It  dissolves  in 

ute  hydmchlorlc  and  sulfuric  acids,  evolving  hydrogen,  and  with 

acid  acts  hke  xine*    It  is  negative  to  zinc  and  is  displaced  by 

from  solutions. 

Alloys*— Cafhnium  forms  alloys  with  many  of  the  metals^  and 
addition  usually  lowers  the  fusing-point*     It  is  therefore  a 
'  nt  of  fusible  metal     An  amalgam  of  mercury^  cadmium, 
:s  used  in  diMitistr^^ 
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CADMirii  COMPOUNDS. 

Cadmium  is  bivalent  in  all  its  compounds  and  in  solution  yields 
the  colorless  bivalent  ion  Cd".  It  is  wholly  basic,  foraung  no 
compfiund  with  the  alkali  hydroxids.  Its  compounds  are  very 
similar  to  those  of  zinc  and  are  usually  isomorphous  with  them. 
They  are  all  poisonous.  There  are  a  few  cadmium  compounds  in 
which  the  valence  of  cadmium  seems  to  be  1. 

Some  of  the  thermal  equations  are  as  foUows: 

rCd,Oj     =  75,500  c.  (Cd,H„OJ        =  134,100  c.  (Cd,S^\q.)-  32,400  c 
(CdA)    =  03,200  c.  'Cd,Br,)  =  75^200  c.  (Cd,IJ        =  48,800  c 

(Cd,.S,O.»  =  221;200c.  'Cd,X,,0„Aq.)  =  116,100c.  (Cd,C,0,)   «181,900c 

Cadmium  Fluorid,  CdF,,  is  a  hard  white  cr^-stalline  solid  of  specific 
gravity  G,  formed  by  the  action  of  hydrofluoric  acid  upon  cadmium  oxid. 

Cadmium  Chlorid,  CdCl,.  is  obtained  by  dissohing  the  metal  or 
its  oxid  in  hydrochloric  acid.  It  cn'stallizes  from  the  solution  as 
CdCl2,2H/)  in  rectangular  prisms  of  specific  graWty  3.3.  The 
crj'staU  effloresce  in  the  air  and  lose  all  the  water  when  heated.  It 
melts  at  140^  and  siibliines  in  micaceous  scales.  It  is  quite  soluble 
in  \vat<T.  1<K)  part-  dis-rilving  140. 

Cadmium  Bromid,  ( Vllir.  is  obtaimHl  by  hoatinc  cadmium  in  broniin 
vapor  or  by  <r.--olviiiir  catlinium  carln^nal**  in  hydrobromic  acid.  It  is 
a  whit*'  (Tv-tailirif  >nlubli'  snlid. 

Cadmium  lodid,  C'll  .  i<  prepared  by  dissolving  cadmium  in  hydrkxlic 
acid  or  by  diir'-tini;  it  with  iodin  and  \vat(»r.  It  cri-stallizes  in  he.vagonai 
I>latf'-  of  -jK(i!ic*  irravity  ").n,  melts  easily,  decomixjses  at  high  temj)era- 
tUH",  di--olve-  in  ((lual  \v<*i^ht  of  water,  and  is  iiseti  in  photography. 

Cadmium  Cyanid,  CdCXi,,  is  obtained  in  small  white  crystals  by 
action  of  hydrocyanic  acid  upon  cadmium  oxid. 

Cadmium  Double  Halids. — Tlie  cadmium  halids  show  a  strong  ten- 
dency to  form  doul)le  salts  with  other  halids,  usually  cr>-stallizing  with 
water  from  one  to  twelve  molecules.     The  following  are  examples: 

('dF.,SnF„H,0.  CdBr,,2XaBr,5H,0. 

('d(i,2(;aCb,lL>H2().  CdIj,2NHJ,2H,0. 

Cadmium  Oxid,  C(U ).  is  prepared  by  burning  the  metal  or  by 
igniting  the  nitrate  or  carbonate.  It  is  a  brown  or  bluish-black 
powder  composed  of  cubes  and  octahedrons  of  specific  gravity  6.5. 
It  is  infusible  even  in  the  oxy-hydrogen  flame,  but  is  easily  reduced 
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on  charcoal,  the  metal  burning  and  making  a  brown  incrustation. 
It  IS  insoluble  in  water,  but  dissolves  in  acids. 

Cadmium  Hydroxid,  CdHjOjj  is  a  white  amorphous  powder 
obtainod  by  treating  cadnuum  solutions  Ts-ith  alkali  hydroxids. 
It  is  decomposed  at  300°  into  cadmium  oxid  and  water. 

Cadmous  Compotiads. — C'admous  oxid,  Cd/.),  is  a  yellow  eiys- 
talliue  solid,  and  cadmous  hydroxiil,  CdHjUj,  is  a  snty  amorphous 
powder.  They  are  interesting  because  of  their  similarity  to  the 
mere \ t ro \ is  c oni j )i rii nils. 

Cadmium  SuMd,  CdS,  occurs  native  as  groenoekite  in  hexag- 
onal prisms  of  gpecifie  gravity  4,9.  It  falls  as  a  bright-yellow  precip- 
ita{f>  when  hydrfjgen  suliid  L^  added  to  a  carimiimi  solution.  It  is 
soluble  in  Btrow^  acids,  but  not  in  amnjoniuni  sulfide  a  property, 
wliicU  distinguishes  it  from  arsenic  sulfid,  which  it  resembles.  It 
is  used  a.s  a  pigment  under  the  name  of  miimium  y^Umv, 

C&dmium  PentasuMd,  CdS^,  is  precipitated  ycQow  from  catlmium 
solutions  by  potassium  pentasulfid. 

Cidmium  Selenid,  (MSej  is  a  *rolden-yellow  crystalline  solid  of  sjieciBc 
gravity  8.8^  and  Cadniium  tcUurid,  CdTe,  is  a  black  ctystalhne  solid  of 
sjierific  ^avity  6,2.    Thcsie  are  both  formed  by  direct  union  of  the  de- 

MeDt^S. 

Cadmium  Phosphid  ai»d  Arseaid.— Cadmium  forms  alloys  vn^h  pho#- 
phom*  and  fir^enic  rather  thftri  definite  compounds. 

Cadmium  Salts. — Cadmium,  cadmium  oxid,  and  cadmium 
bydroxid  diss*>lve  in  acids  to  form  salts  which  resemble  closely  those 
of  ^ine,  Mo^t  of  t!ie  f>alts  are  soluble  in  water,  and  the  solution 
recUlens  Utmuflj  indicating  hydrolysis  and  the  presence  of  the 
hydmgen  ion. 

Cadmium  Sulfate,  CdSO^,  U  obtained  by  dissolving  the  metal 
or  its  oxid  nr  its  sulfitl  in  sulfuric  acid.  It  er\"staUizes  from  the^ 
srilution  as  HCtlSO^^HjO,  and  is  therefore  not  isomorphous  with 
jine  and  niiigiiesimn  sulfates,  which  take  TIIjO,  It,  however,  like 
them*  forms  d*tyble  8ahs  witfi  the  alkali  sulfates.  It  is  used  in 
di,Heasesof  the  eve.     WTien  heated  it  forms  the  basic  salt  HjCd^SOfl 

Cadmium  Nitrate,  Cd(N03)jt4H^O.  formed  by  dissolving  cad- 
mium in  nitric  acid ,  crj'staJlixcs  in  white  deliquescent  needles* 

Other  ciidniium  salts  are  chlorate,  perchlorate,  bromate,  iodatei  per- 
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iodate,  sulfite,  selenite,  selenates,  molybdates,  nitrite,  phosphite,  phos- 
phates, tungstates,  vanadates,  carbonates,  silicates,  borates. 

MERCURY. 

Symbol  Hg.  Atomic  weight  200.  Valence  II  and  I.  Specific 
gravity  13.595.     Melting-point  -  39°.     Boiling-point  358**. 

Occurrence. — Mercury^  occurs  free  in  small  globules  scattered 
through  rocks,  and  especially  associated  wdth  its  ores.  It  is  also 
found  as  amalgam  of  gold  or  silver  and  sometimes  as  iodid  or 
chlprid.  Its  most  important  ore  is  cinnabar,  HgS.  The  chief 
localities  are  Idria  in  Austria,  Almaden  in  Spain,  California,  China, 
Japan,  and  Bavaria. 

History, — ^Theophrastus,  about  B.C.  300,  speaks  of  liquid  silver 
which  may  be  obtained  by  mixing  cinnabar  with  vinegar.  Dioscori- 
des,  in  the  first  century,  speaks  of  it  as  hydrargyrus^vHiter silver, irom 
which  term  we  have  the  modern  name  hydrargyrum,  Pliny  called 
it  argentum  vivum,  which  we  translate  quicksilver.  It  is  called  mer- 
cury after  the  planet  of  that  name. 

Mercury  was  an  object  of  great  interest  to  the  alchemists  and 
early  chemists.  It  was  extensively  experimented  upon  in  the 
attempts   to   change   the   baser   nietals   into   gold   and    silver. 

Preparation. — Mercury  may  he  separated  from  its  ore  by 
roasting  in  a  roverboratory  furnace,  whereby  the  sulfur  is  oxidized 
to  S()2,  while  the  mercury  distils  over  and  is  condensed  in  chambers 
of  earthenware  vessels;  or  by  distilling  the  ore  with  lime,  whereby 
calcium  sulfid  and  sulfate  are  produced  and  the  mercur}'  set  free. 
The  first  method  is  the  one  usually  employed. 

The  mercury  thus  obtained  is  separated  from  mechanical  im- 
purities by  straining  through  chamois  leather,  and  from  other 
metals,  which  are  usually  tin,  zinc,  and  lead,  by  distillation,  best  in 
vacuo,  or  by  treatment- with  dihite  acid,  sulfuric  or  nitric. 

Physical  Properties, — Mercury  is  remarkable  in  being  the  only 
metal  liciuid  at  th(^  ordinary  temperature.  It  is  silver  white  and  quite 
opaque,  though  in  very  thin  films  it  transmits  a  violet  blue  light 
Its  specific  gravity  at  0°  is  13.595.  It  freezes  at  —  39.4°  to  a  ductile 
malleable  mass  of  octahedral  crystals,  at  the  same 
so  that  its  specific  gravity  rises  to  14.193.  It  boils  a 
a  colorless  vapor  of  density  about  100,  a  number 
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^4)mic  weight  and  indicates  that  there  is  only  one  atom  in  the  mole- 

Mlf**    Though  its  boiling-point  is  so  high,  it  is  volatile  at  aE  tem- 

^.     Its  vapor  tensions  have  been  carefully  mea^snred  and 

a,  and  range  in  millimeters  from  0.0002  at  0^  to  0XX)13  at 

',  0.028  at  60°,  0.28  at  10(f ,  1S.2  at  2(Kf ,  242  at  300^  and  760  at 

Correction  must  be  made  in  harfjmetrir.  readings  for  thia 

ion.    ^lien  eul^ectetl  to  changes  of  teniperatnrc  it  expands 

nd  Lontracjts  mth  great  regillarity;  and  this  property  aflapts  it  f^»r 

Be  11^  litarc*meters  and  thermi>ineters.     Its  coefficient  of  expansion 

0>00iH8.    It  is  a  good  conductor  of  heat  and  electricity, 

Btween  mercury  and  most  solids  there  is  capillary  repulsion,  so 

'  it  does  not  spread  upon  or  wet  the  surface.     In  a  glass  tube  it 

pnts  a  convex  meniscus,  and  the  c<>lumn  is  slightly  depressed  by 

it*  surface  tension.     Wlien  it  is  shaken  with  oil  or  intimately  mixed 

ith  fats  or  many  powdered  solitls  such  as  sugar,  sulfur,  and  chalk, 

remains  in  a  finely  divided  state.     Mercurial  ointment  is  such  a 

lixture.    The  specific  heat  of  merctirj'  at  55°  is  0.033. 

ChemJcal  Froperties.—JIercury  does  not  taniish  in  the  air  and 
t  attacked  by  only  a  few  gases.  Heated  in  the  air  it  slowiy  oxidizes 
I  HgO,  which  is  decomposed  at  a  higher  temperature* : 

Hg  +  O  :r  Hg(3. 

tt  combines  directly  ^ith  the  halogens  and  sulfur.  It  is  not  attacked 
^y  hydrochloric  acid,  liut  dissolves  in  w^arm  strong  sulfuric  and  cold 
litric  acids  mthout  production  of  hydrogen: 

3Hg  +  SHNOj  =  3Hg(NO,}3  +  4H,0  +  2N0. 

^I?ith  cold  dilute  nitric  acid  mcrcurous  nitrate,  Hgj(N'03)j,  is  pro- 
duced. Mercury  vapor  dissolves  slightly  in  water,  making  it 
poisonous. 

Illustrations. — I>et  fall  from  a  considerable  height  a  stream  of  water 
^pon  die  surface  of  mercury.     Bubbles  of  mercury^  hav^ing  very  thin  walls 
At  upon  the  surface  of  the  water  and  show  the  blue  tmnsmittcd  light. 
To  show  vfliKjr  of  mercury,  suspend  ^old-leaf  over  mercury  in  a  veeseL 
be  gold  gradually  whitenja  as  the  amalgam  forms. 

Oses. — Mercnry  is  much  used  in  chemical  and  physical  opera- 
land  in  apparatus,  notably  in  the  barometer,  thermometer,  and 
pump.      It  is  used  in  extracting  ftold  from  its  ores  and  in 
iiftkrng  various  amalKams. 
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Amalgams. — Mercury  forms  with  nearly  all  the  metals  alloys 
which  are  called  amalgams.  Since  mercury  is  already  a  liquid,  the 
union  takes  place  without  application  of  heat. 

Sodium  and  Potassium  Am/dgams. — Mercury  unites  to  sodium 
and  potassium  with  such  vigor  as  to  produce  light  and  heat.  These 
amalgams  are  decomposed  by  water,  jdelding  hydrogen,  mercun% 
and  the  alkali  hydroxid.  They  are  therefore  reducing  agents. 
When  heated  to  440°  they  form  the  spontaneously  inflammable 
crystalline  compounds  KjHg  and  NajHg. 

Ammoniam  Amalgam. — The  so-called  anmionium  amalgam  is 
obtained  by  treating  sodium  amalgam  with  ammonia.  It  is  a 
spong}'  mass  which  soon  decomposes,  with  separation  of  mercur}\ 

Goldj  silver,  cadmium,  and  copper  amalgams  are  used  in  filling 
teeth. 

Zinc  amaA{jam  or  amalgamated  zinc  is  used  in  galvanic  batteries, 
the  mercury  rendering  the  zinc  less  susceptible  to  the  action  of  the 
acid. 

Silver  amalgam  is  obtained  as  arborescent  needle-shaped  crys- 
tals by  placing  a  drop  of  mercury  in  a  solution  of  silver  nitrate.  It  is 
called  the  silver  tree  or  arbor  Diance, 


COMPOUNDS    OF    MERCURY. 

^Iorc\ir\'  f(M'ms  two  series  of  compounds,  mercuric  and  mer- 
curoiis.  In  the  former  the  valence  of  mercury  is  II,  while  in  the 
latter  it  is  apparently  \,  though  the  formulas  are  usually  written  so 
as  to  ])reservc  the  bivak^ney.  So  also  there  are  two  mercury  ions, 
H"  an«l  11,1:2",  both  colorless  and  ])oisonous.  Mercurj' forms  com- 
plex ions  with  the  halogens  and  with  cyanogen  which  probably 
exist  in  the  double  sails.  The  mercuric  compounds  resemble  those 
of  zinc  and  cachnium,  wliile  the  others  are  more  nearly  related  to 
those  of  copper,  silver,  and  gold. 

The  mercury  compounds  are  all  poisonous,  but  in  small  doses 
are  medicinal.  Taken  continuously  they  produce  salivation,  af- 
fecting usually  the  mouth,  teeth,  and  gums,  and  sometimes  causing 
paralysis.     Those  most  used  are  the  two  chlorids  and  the  iodid. 

Some  of  the  thermal  equations  are  as  follows  : 
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(Hg,,0)  -22,200  caL  (Hg,0)  -  20,700  cal.  (Hg,S)  =  4,900  cal. 
( Hix^.a^)  =  62,0(X)  eul.  (Hgj,Br^)  =  40,500  cal.  (Hgj,L)  =  28,400  eal, 
{Ilg.Ll^)  -53,200  cal      (Hg,Br,)  =  10,000  cal,     (Hg,Ij    =  i*4,:iOO  cal, 

Haiids  of  Mercury.— Jlercurous  halkb  are  geiiorally  insoluble 
in  wateTt  int^rcuric  haliils  snluble.  Besides  tlitst*  tht'iT  are  iixylialids 
aotl  niixcd  halids.  Nearly  ever>'  theoretical  combination  h  rcalizt?d 
actuiil  compounds.    Dissofriation  is  small,  highest  in  the  chlorid, 

Mercurous  Flu  on  d,  HgjFj,  is  a  yellow  crystalline  powder  obtained  by 
btioii  of  hydrogen  fiuorid  upon  mcrcurousi  ea^b^>nate. 

Menctiric  Fiuorid,  HpF,2HjO,  i«  a  white  cn^talline  solid  obtained  by 
tioa  o(  hydrogen  fjuorii!  upon  mercuric  ox.id* 
Mercuric    Hydro lyfluorid^  IlgfOHjF^  h  obtained  its  yellow  crystids  by 
di^cori)  posing  mercuric  flunrid  at  50^. 

Mercurous  Chlorid,  Hg^Clj,  occurs  native  a.^  horn  quickxilvcr, 
;  is  prepared  as  a  nearly  white  soft  powtler  by  treating  chloriu  with 
I  excess  of  merrnr}%  or  liy  treating  mercurons  nitrate  with  a  chlorid  > 
by  distilling  a  mixture  of  morcurie  chlorid  and  niercur>%  It  is 
telt*S3  and  odorle^^s  and  may  be  obtained  in  sr|uare  prisms  of 
rific  ^a\nty  7,2.  It  sublimes  without  melting,  but  with  disso- 
It  m  quite  instjJuble  in  water*  alcohol,  and  dilute  aciilsj 
fleeomposed  by  alkalis  and  alkali  salt?^.  and^  h  converted  by 
ammonia  into  mercurtriis  ammonium  chlorid,  HgjNHsCh  ammonium 
chlorid  in  which  two  hydrogen  atoms  have  \^p^n  replaced  hy  (HgJ", 
or  possibly  auiido  mercurous  eldorid,  CI — Hg — Hg — NH^.  It  is 
stalde.  gradually  decomposing  in  the  light,  and  hence  should  be 
in  blue  bottles.  The  commercial  substance  often  eontams 
other  m(*rcnry  eompoumb  as  impurities, 

Mercurous  chlorid  is  pfipularly  kno\i-n  as  calmnci.  a  word  derived 
i\u^  Gvwk  kahmdas,  which  means  beauiijul  hkivk,  referring  U\ 
black  colfir  it  assumes  ^^hen  treated  with  an  alkali.  It  has  been 
kucli  tiHi^d  as  a  medicine,  being  a  popular  purgative  and  liver  remedy, 
\\\  *m  \m.'  h  now  im  the  decline  because  of  \\^  poisonous  eflFects, 
Mercuric  Chlorid,  HgO^,  is  commonly  known  as  mrroshe  suIh 
taiv.  It  is  formed  by  imion  of  chlorin  witl*  heated  mercury.  It 
prepared  on  a  large  scale  by  heating  mercuric  sulfate  w^th  com- 
m  mil:  Hg804  4-  2NftC!  ^  N%SO(  -f  HgCla.  A  little  manganese 
bxid  iJ^  tidrled  to  prevent  the  formation  of  mercurous  clilorirL 

Mercuric  chlorid  is  a  wMte  crystalline  solid  soluble  7  parts  in 
N)  of  wafer  at  the  oniinarj'  temperature  and  54  parts  in  IfXJ  at  10O''» 
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It  is  more  soluble  in  alcohol  and  ether.  It  crystallizes  in  needles  or 
rhombic  prisms  of  specific  gravity  7.2.  It  melts  at  265^  and  boils 
unchanged  at  307®.  It  has  a  harsh,  metallic  taste,  is  a  \aolent  cor- 
rosive poison,  is  a  powerful  bactericide  and  antiseptic. 

Mercury  Ozychlorids. — Several  oxyclilorids,  or  basic  chlorids,  of  mer- 
cury are  knoTMi.  They  are  formed  in  various  ways,  most  easily  by  boiling 
mercuric  oxid  in  solution  of  rhercuric  chlorid.  The  cryst^ine  bodies 
HgO,2Hgaj,H,0,  2HgO,Hgaj,  and  3HgO,Hga,  arc  examples. 

Mercurous  Bromid,  Hg^Br,,  is  obtained  by  heating  bromin  or  mer- 
curic bromid  with  mercury  in  excess,  or  by  heating  mercurous  nitrate 
with  hydrogen  bromid  or  an  alkali  bromid.  It  is  a  white  powder,  much 
resembling  calomel,  volatile  at  red  heat,  insoluble  in  water,  and  black- 
ened by  alkalis. 

Mercuric  Bromid,  HgBr^,  is  prepared  by  heating  mercury  with  bromin 
in  excess,  or  by  dissolving  mercuric  oxid  in  hot  hydrobromic  acid,  or  by 
treating  mercuric  nitrate  with  potassium  bromid.  It  forms  white  rhom- 
bic prisms  of  specific  gravity  5.7,  isomorphous  with  mercuric  clilorid.  It 
melts  at  244°,  sublimes  unchanged,  dissolves  in  water,  alcohol,  and  ether, 
and  forms  double  bromids  and  oxybromids. 

Mercurous  lodid,  Hgjiz,  is  formed  when  mercury  and  iodin  are  rubbed 
together  in  proper  proportion  with  a  little  alcohol.  It  is  also  obtained 
by  adding  potassium  iodid  to  mercurous  nitrate.  It  is  a  pale-green  un- 
stable j)owder,  is  used  as  a  medicine,  and  is  less  poisonous  than  mercuric 
iodid. 

Mercuric  Iodid,  \lfi\2,  is  forniod  by  direct  union  or  by  treating 
a  mercuric  salt  with  potassium  iodid.  The  precipitate  is  first  yellow, 
then  hrif^ht  red,  anil  is  soluble  in  excess  of  potassium  iodid  or  mer- 
curic chlorid.  It  is  soluble  in  alcohol,  but  not  in  water.  It  cr\-s- 
tallizes  in  sciuaro  octahedrons  of  specific  gravity  6.3.  It  melts  at 
238°  to  a  hlood-red  liquid  and  boils  at  360°.  It  is  dimorphous. 
The  nnl  form  is  converted  into  the  yellow  at  126°,  but  this  is  unstable 
chan<j^in^  back  to  the  red  variety  at  a  touch.  It  forms  double  salts 
with  the  metallic  iodids. 

Mercuric  Cyanid,  HgCC^X),,  is  obtained  by  dissolving  mercuric 
oxid  in  hydrocyanic  acid.  It  forms  white  s(|uare  prisms  of  specific 
gravity  4.  It  dissolves  in  8  j)arts  of  water,  but  the  solution  is  not 
an  electrolyte  and  contains  neither  the  mercur}-  nor  the  cyanogen 
ion.  It  is  decomposed  by  heat  into  mercur\'  and  cyanogen  gas.  It 
forms  r)xycyanids  and  numen)us  double  compounds  with  other 
lialids  and  metallic  salts  which  yield  the  ion  Hg(CN)/'. 
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Double  HaUds  of  Mercury.— One  of  the  remarkable  ehurac 
t eristics  of  the  nierrurv  halids   i^   the  tentleitcy  to  form  doubh* 
compounds  with  other  halids  and  even  with  metallic  salts.     The 
following  are  examples  of  such  mercuric  compounds: 


L'liJiiri.lB. 

Bromiaa. 

lo.llcl-1. 

HkC:i„iici 

HRUr„HIir 

HgI,.HI 

HgC.,.KCl,U,0 

llglirj.NaUr 

Hgl^XHJ 

Hga„CaCl„GH,0 

HgBr^Mgilr, 

HgI„Srl, 

Mercuroiis  hali<l5  and  mercurie  cyanid  form  similar  compounds* 

Merctirous  Oxid,  HgjO,  is  obtained  by  the  action  of  allcali  hy- 
diTixids  upon  Tiiercimjus  salts.  It  is  a  black  unstable  powder  of 
Speeifie  gravity  10:7*  It  is  decomposed  by  heat  and  light  and  dis- 
solves in  acids  to  form  mercuroiis  salts. 

Hercuric  Oxld,  IlgiJ,  is  formed  when  mercury  is  long  heated  in 
the  air.  It  is  prepared  by  igniting  the  nitrate  alone  or  with  mer- 
cury. It  is  a  red  crystalline  powder  of  specific  gravity  ILW*  It 
turns  dark  when  heated,  but  becomes  I'ed  again  ^vhen  cooled.  It  is 
vejfj'^  slightly  soluble  in  water  (1  part  to  2(M),(MHJj  anri  decompc^esat 
reil  heat.  When  Iieated  with  sulfur,  plH>j^p!rioruSj  or  sodium  it  ex- 
plodes. Precipitated  from  mercuric  solutions  by  alkali  hydroxids^ 
it  is  an  orangt^yellow  amorphous  pow^der.  It  fonns  double  com- 
pounds with  the  ammonium  and  alkali-earth  efilorids.  It  is  used 
in  medicine  under  the  common  name  of  red  oxid  of  mercury  or  red 
preripUate. 

Mercury  Hydioiids,— The  hydroxids  of  mercury,  Hg^Hp, 
and  HgH^Oj,  are  so  unstable  that  they  decompose  at  once.  Thus 
when  alkali  liydroxids  act  upon  mercurv^  nitrates,  the  h\'droxid 
wtiich  should  result  from  the  action  di.*^ociates  as  fast  as  it  is  fonued. 

Mercurous  Sulfid  lias  not  been  prepared.  The  black  precipi- 
tate produced  by  hydrogen  sulfid  in  mercurous  solutions  m  a  mix- 
ture of  Htercury  and  mercuric  sulfid. 

Mercuric  Sul&d,  HgS.  as  the  mineral  cinnn^r  is  the  chief  ore  of 
sulfur.  It  m  fdund  in  n^d  rhombohedral  cr^^stals  and  also  massive. 
The  name  cinnabar  was  ajiplied  to  it  by  Theophra^stus,  and  it  was 
called  abo  drmjtms*  blood  and  jEtkwps  mimraL    The  artificially 

Et%\  sub.stLince  is  known  as  rei^nillwn, 
rcuiic  sulfid  i>n'si»iits  two  foniis»  probably  allotropic,  the  one 
the  other  red.     The  black  sulfid  is  obtainetl  by  rubbing  mer- 


Milb 


Ml 


518  INORGAmC  CHEMI8TB7.  [Ch.  XXXV. 

cury  and  sulfur  together,  or  by  precipitating  mercuric  salts  with 
hydrogen  sulfid.  The  precipitate  is  first  white,  then  red,  and  finally 
black,  the  different  colors  being  due  to  the  formation  of  double  salts. 
The  red  sulfid  is  obtained  by  distilling  the  black  sulfid  or  a  mix- 
ture of  mercury  and  sulfur,  or  by  digesting  the  black  sulfid  with 
alkali  sulfids.  It  is  a  bright-red  crj^stalline  solid,  of  specific  gra\ity 
8.12,  insoluble  in  water  and  not  readily  attacked  by  acids.  It  is  used 
in  making  printers'  ink,  in  coloring  sealing-wax,  and  as  a  pigment. 

Sulfohalids  are  formed  by  action  of  a  limited  amount  of  hydit^ioi 
sulfid  upon  mercuric  halids,  2HgCl2  +  H^S  =  2Ha  +  Hg^Q,,  or  by 
action  of  hot  mercuric  sulfid  upon  the  halids. 

Mercuric  Selenid,  HgSe,  occurs  in  small  quantities  in  the  Hartz  Moun- 
tains, accompanying  lead  selenid.  It  may  be  prepared  by  heating  to- 
getluT  and  subliming  mercury  and  selenium  in  gray,  lustrous  lamins  of 
specific  gravity  7.1. 

Mercuric  Nitrid,  HgjNj,  is  prepared  by  heating  mercuric  oxid  in  am- 
monia gas  at  150°  until  water  ceases  to  come  off: 

3HgO  +  2NH,  -  3HjO  +  Hg,N,. 

It  is  a  very  unstable  brown  powder,  which  explodes  violentjy  under  the 
action  of  heat,  friction,  or  percussion,  or  on  contact  with  sulfuric  acid. 
Alkalis  docomj)()s(»  it  with  evolution  of  ammonia. 

Mercurammoniura  Compounds. — Mcrcurj'  combines  in  various  ways 
witli  nninionia  to  form  c()nij)lex  double  halids  and  salts,  all  of  which  may 
be  supposcMl  to  he  derived  from  ammonium  hydroxid  by  replacement  of 
hydrox}'!  and  liydro^en  atoms.     The  following  are  examples: 

"^\ 

Mercurous    Ammonium    Chlorid,     '      ^XH, — G,  is   a   black    powder 

•     Hg/       • 
obtained  bv  action  of  ammonium  hvdroxid  upon  mercurous  clilorid. 

"  Hg-XII.-a 
Mercurous  Diammonium   Chlorid,    I  ,  is   a   black    powder 

Hg-XH3-Cl 
obtained  bv  action  of  drv  ammonia  upon  mercurous  chlorid. 

Mercurous    Ammonium    nitrate,     |      /Mlj — ^Oj,   is    obtained    as  a 

black  precipitate  of  varA'in^  composition  by  action  of  ammonium  hy- 
droxid upon  mercurous  nitrate  solution. 

Mercuric  Ammonium  Chlorid,  ng=XH, — G,  falls  as  a  white  pre- 
ci])itat(*  wlien  mercuric  chlorid  is  treated  with  anmionia.  It  is  known 
as  infusible  white  precipitate. 
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Di  mercuric  Ammonium  Hydro  add, 


N — ^O — H,    is  a   dark-broirn 


powder  obtained   by  gently  wtirmmg  dilute  ammonia  with  mercuric 
oxid. 


pinieTeuric   Ammonltun    Oxid, 


Hg\ 
Hg/- 


N— O-N 


^jj|,  is  an  explosive 


pale-yellow  powder  obtained  by  action  of  liquid  ammonia  upon  mercuric 
ox  id. 

Oxydimereuric  Ammonium  lodid,  0<ti^>XH, — ^I,  is  a  brown  solid 

formed  by  action  of  ammonia  upon  solution  of  mercuric  lodid  in  an 
excess  of  potassium  hydroxid.  Such  a  mixture  m  called  Nessl^st  BoltUi^n 
and  afTords  a  ver>^  delicate  test  for  ammonia* 

Mercury  probably  does  not  form  dcfanite  compounds  with  phosphorus 
and  arsenic^  but  phosphonimn  and  axsonium  compounds  similar  to  those 
of  nitrogen  have  been  prepared* 

Mercury  Salts.^JIercury  forms  numerous  salts.  They  are, 
prepared  by  tOssoh-in^  in  acids  merciarniis  nxid  or  excess  of 
mercury  for  mercurous  salts,  and  mercuric  oxid  or  carbonate  for 
mercuric  salts,  The  former  are  less  stable  and  less  soluble  than 
the  latter  and  both  form  with  water  basic  salts, 

llercurous  and  mercuric  chlorates,  perchlorateSj  bromates,  lodates, 
and  periodates  are  all  white  cr>'stalline  solids. 

Be^^idcis  the  normal  mercurous  and  mercuric  sulfites  there  are  various 
basic,  double^  and  mixed  sulfites. 

Mercurous  Sulfate,  Hg.SO^,  forms  white  monoclinic  prisma. 

Mercuric  Sulfate,  HgSO,,  is  a  wKite  crystalline  insoluble  mass  wliieh 
becomes  yellow  when  heated.  Heated  with  wat^r  it  forms  the  basic  salt^ 
Hg^Oj,  called  turpeth  fmncraL  It  forms  double  salts  with  the  alkali  sul- 
fates, as  IIgSO,,K^SO,,i3H,0, 

Mercurtms  and  mercuric  selenites,  selenates^  chromates,  and  molyb- 
dates  are  described, 

Mercurous  Hitrat*,  Hgj(NO,)j2HjO,  is  obtained  by  dissolving  mer- 
cury in  cold  dilute  nitric  acid.  It  separates  from  solution  in  monoclinic 
prisms  with  2H3O,  It  tends  to  form  basic  salts,  and  in  order  to  keep  a 
sf>liition  a  little  mercury  must  l>c  placed  in  the  bottom  of  the  bottle. 
Xliere  are  also  baj^ic,  mbced,  and  double  salts. 

Mercurous  Eydroiyaitrate,    Hg<^*^^     ,  is  a  yellow  crj-stalUne  solids 

Mercuric  Kitrate,  Hg(NO,),*  is  formed  when  mercury^  is  dissolved  in 
hot  nitric  acid.  On  evaporation,  crj*stals  of  2Hg(N0jj,Hi^  separate^ 
atid  tliere  remains  in  the  solution  FIg(NO,)j;2H40.  These  are  converted 
iDto  bailie  salts  by  the  action  of  heat  or  water* 
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Mercurjc  and  mercurous  phosphates,  arsenites,  arsenates^  antimo- 
nates,  tantalates,  tungstates,  and  vanadates  have  been  prepared. 

Mercurous  Carbonate,  Hg^CO,,  is  a  yellow  powder  obtained  by  trea^ 
ing  the  nitrate  with  potassium  hydrogen  carbonate  in  excess. 

Mercuric  Carbonates. — Only  basic  mercuric  carbonates  are  known.  Potas- 
sium hydrocarbonate  precipitates  from  mercuric  nitrate  solution  the  com- 
pound Hg(X)„2HgO,  which  may  be  written  thus:  Hg<Q^^]]|]9>C0. 

Mercury  forms  neither  borates  nor  silicatea. 


CHAPTER  XXXVI. 


OBOUP  I  A,    THE  POTASBOIDS.    ALKALI  METALS, 


lithiimi  7.  Sodium  23,  Potassium  39,  Rubidium  85.4.  C^aium 
lai,     (Arnmonium  NH,.)  ' 

History  and  Occurreoce-^-The  word  alkali  is  from  the  Arabic 
and  means  ih^  a&hts.  The  name  was  originally  applitxl  to  the  .sohi* 
tion  and  salt  obtained  by  leaching  the  ashes  of  plants.  This  was 
later  called  fixed  alkali,  to  distinguish  it  from  ammonium  carbonate, 
which  was  railed  volatile  alkali. 

Potash  and  soda  wcre^rst  distingnished  by  Duhamel  in  1736* 
The  former  was  calleil  vegeiable  alkali,  because  it  was  supposed  to  be 
found  only  in  plant ?^,  wliile  the  latter  took  the  name  mineral  olkolt^ 
froni  it's  chief  compound,  >sfKlium  chlorid. 

Of  the  alkali  metals  sodium  is  the  most  abundant,  potassium  but 
little  lesj?  BO.  Lithium,  thou^^h  widely  flistributcfl,  is  found  only  in 
minute  quanUtics,  while  rubidium  and  caesium  are  quite  rare.  None 
of  them  occur  free. 

RelattOQs. — ^The  elements  of  this  group  are  so  nearl}'  related 
that  there  is  no  luarked  cheniical  differences  between  them.  They 
are  the  strongest  of  all  bases,  possessing  no  acidic  character  at  all. 
Tlje  electro  positive  character  increases  with  the  att>mie  weight  and 
ca?sium  is  positive  to  all  other  elements.  They  present  a  marked 
contrast  wnth  the  halogens,  which  are  extremely  negative,  anrl  hence 
the  chemical  afTtnity  between  the  elements  of  the  two  groups  is  very 
strong,  ami  the  valence  being  the  same,  they  unite  atom  to  atom. 

As  an  iUustration  of  the  periodic  s\*stem  and  the  gradation  of 
properties  this  group  is  almost  ideal.    The  foUowiiig  may  be  not-ed: 

As  the  atomic  weigjht  increases — 

1.  Tlie  metallic  and  basic  prcifierties  increa^. 

2.  The  meltin^r  tcrrujeraturcs  clinitniah. 
S.  Tlie  fipeciiic  gravities  increase. 
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4.  The  atomic  volumes  increase. 

5.  The  affinity  for  oxygen  increases. 

6.  The  chemical  activity  increases. 

7.  The  solubility  of  the  hydroxids  and  salts  increases. 

Properties, — These  elements  are  all  soft,  white  metals,  which 
tarnish  in  the  air,  lithium  slowly,  sodium  quickly,  and  potassium 
instantly,  while  rubidium  and  caesium  inflame  spontaneously.  They 
all  decompose  water,  lithium  slowly,  sodium  rapidly,  potassium  with 
so  much  vigor  as  to  ignite  the  escaping  hydrogen,  and  rubidimn  and 
caesium  still  more  violently.  Their  flame  colors  are  characteristic, 
lithium  crimson,  sodium  yellow,  potassium  violet,  and  rubidium  and 
caesium  a  violet,  nmch  like  potassium.  They  all  give  well-marked 
spectra  by  which  they  may  be  identified  even  in  the  presence  of  one 
another,  viz.,  lithium,  two  lines  between  the  red  and  yellow;  sodium, 
a  double  Hue  in  the  yellow;  potassium,  two  lines,  one  in  the  red  and 
one  in  the  violet ;  rubidium,  two  lines  in  thfe  violet,  two  in  the  red  near 
the  potassium  line,  and  many  other  lines;  caesiimi,  two  in  the  blue, 
two  in  the  rod,  and  several  in  the  yellow  and  green. 

Compounds. — The  elements  of  this  group  are  all  monads  and 
form  similar  compounds.  They  bum  to  the  oxids,  which  dissolve 
in  watcT  to  form  caustic  alkaline  hydroxids.  They  form  halids, 
sulfuls,  and  hydrosulfids,  and  with  all  the  acids  salts  which  are  solu- 
ble, even  th(^  silicat(*s.  They  dissociate  in  dilute  solutions,  setting 
free  tlu^  uiiivah^nt  elenientar}^  ions.  Solutions  are  therefore  quite 
active,  tlio\i«»:h  tlie  dry  compounds  are  stable. 

I'sinp:  potassium  whicli  may  be  replaced  by  either  of  the  other 
elements,  the  follr)wing  are  some  type  compounds: 

Kn,  K,(),  KHO,  KoS,  KHS,  K.SO,.  KXO3,  KsI^O,,  IvSiOs- 

Physical  Constants. — Some  of  the  leading  i)hysical  propyerties 

are  shown  in  the  following  table : 


Atomic 
Weight. 

Specific 
Gravity. 

Atomic 
Volume. 

Melting- 
point. 

Flame 
Color. 

T-itliuiin          

7 

23 

39 

85 

133 

0.59 
0.97 
0.87 
1.52 
1.88 

11.9 

23.6 
45.2 
56.2 
70.6 

180.0' 
97.6' 
62.5' 
88.6' 
26. 0* 

Crimson 

Sod  ill  111               •    •••>•••• 

Yenow 

P(>ta**siuTn 

Violet 

nubidium 

Red-violet 

Cflpsium , 

Blue-red 
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^rnibol  Li,    Atomic  weight  7*    Valence  L    Specific  gravity  0.59. 

Meliing-pomt  186^. 

Occurrence, — Lithium  is  found  in  the  rare  minerals  s'poduinene^ 
a  litltium  altiminuni  silicate;  petalilc,  a  litliiutri  Hotliimi  aluminum 
siUcato;  lithium  mka,  a  lithium  potassium  aluminum  silicate;  and 
iriphyUte,  a  litluum  iroia  manganese  phosphate.  These  minerals 
jutain  from  one  to  five  per  cent  of  lithium.  Lithium  is  found 
ilistributed  in  vei^^  minute  quantities  in  soils,  waters,  plants, 
and  animals,  ^nd  in  larger  quantities  in  certain  mineral  waters 
(I  to  3  parts  to  10,000).  It  has  been  observed  in  the  sun  and  in 
meteorites.  • 

History. — Lithium  was  discovered  in  1817  by  Arfvedson  in 

ilite  and  spoduniene.  The  metal  was  first  obtained  by  Biinscn 
id  MattMessen  in  1855.  The  name  is  Greek  and  means  stony,  and 
the  metal  was  so  calle<l  because  it  was  then  supposed  to  be  fuimd 
onl\'  in  rock^  and  not  in  the  plant  and  animal  hothes. 

Preparation. — Lithium  is  prepared  by  electrolysis  of  its  cldoriiL 
The  chlorid  is  melted  in  a  porcelain  crucible  and  the  electrodes,  one 
carbon  and  the  other  iron,  introduced.  The  lithium  separate*-^  m  a 
bright  metallic  globule  on  the  negative  or  iron  electrode^  from  which 
it  is  removeil  to  a  vessel  containing  kerosene  or  benzene. 

Physical  Properties.— Lithium  is  a  soft  white  metal,  rather 
malleable  and  ductile^  melts  at  180*^,  and  is  not  volatile  at  red  heat. 
It  is  the  lightest  of  solids,  its  sfjeeiBc  gra\ity  being  only  0.59. 

Chemical  Properties*— Lithium  tarnishes  in  the  air  more  slowly 
than  sodium,  ignites  at  2tX)°,  and  burns  with  a  brilliant  white  light. 
It  decomjioses  water  slowly,  the  heat  developed  not  being  sufficient 
to  melt  it.  It  burns  when  heated  in  chlorin,  bromin,  indin,  sulfur, 
and  carlxjn  dioxid.  It  dissolves  in  tlie  acids  rather  easily,  in  nitric 
and  hydrochloric  with  great  \agor*  It  attacks  glass  and  porcelain. 
It  may  be  detected  in  the  minutest  quantities  by  the  spectroseope, 
even  to  the  millionth  part  of  a  milligram. 


Lithium  vieltis  in  solutions  only  the  colorless  univalent  ion  T>i'. 
It8.compf>unils  correspond  exactly  to  those  of  sodium  and  pota^^-^um 
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Some  of  the  thermal  equations  are  as  foUows: 

(Li,Cl)  -  93,800  c.     (Li,Br)     =  80,000  c.     (Li,I^q.)=  76,100  c 

(Li,H,0,Aq.)  =  117,400  c.     (Li„S,0,)  =  334,200  c.     (Li,N,Oj)  =  11 1,(500  c 

Lithium  Halids. — The  lithium  halids  are  formed  by  direct  union  or 
by  the  action  of  haloid  acids  upon  lithium  carbonate.  They  are  all  white 
cr>'8talline  solids,  and,  with  the  exception  of  the  fluorid,  are  diliquescent 
and  quite  soluble  in  water.    They  are  LiF,  LiCl,  LiBr,  Lil  and  LiCX. 

Lithium  Oxid,  Li]0,  is  obtained  by  burning  lithium  in  the  air  or  by 
igniting  the  nitrate  in  a  silver  vessel.  It  is  a  white  crystalline  solid  of 
specific  gravity  2.1.     It  dissolves  slowly  in  water,  easily  in  acids. 

Lithium  Hydroxid,  LiHO,  is  obtained  by  dissolving  lithium  oxid  in 
water,  or  by  treating  lithium  carbonate  with  lime,  or  lithkim  sulfate  with 
barium  hydroxid.  It  is  a  white  caustic  crystalline  solid  which  melts  at 
red  hoat  and  in  solution  dissociates  into  the  lithium  and  hydroxyl  ions. 

Lithium  Sulfid,  Li^,  is  formed  by  direct  union  or  by  reducing  the 
sulfate  with  carbon.  It  dissolves  in  solution  of  hydrogen  sulfid  to  fonn 
lithium  hydrosulfidj  LiHS. 

Lithium  Nitrid,  Li^X,  is  formed  when  lithium  is  heated  in  nitrogen. 

Lithium  Salts. — Lithium  salt«  are  usually  obtained  by  dissolving  the 
carh()nat(»  in  the  acids.  They  are  generally  soluble,  though  the  phos- 
phate* and  carbonate  are  less  so  than  the  corresponding  compounds  of 
the  other  metals  of  the  ^roup.     No  basic  salts  are  formed. 

Lithium  Sulfate,  LijSO^jH^O,  erystallizes  in  thin  monoclinic  plates. 
The  .icid  salt  LiliSO^  and  double  salt  KLiSO^  are  formed. 

Lithium  Alum,  LiAKSO^.J^H/),  is  very  like  |>otiish  alum. 

Lithium  Nitrate,  LiXOg,  erystallizes  in  anhydrous  rhombic  prisms 
isoinorphous  with  sodiiiin  nitrate.  Below  10°  the  hydrated  salt 
2LiN(),.r)H,()  separates. 

Lithium  Phosphate,  Li3P()4,  is  a  erystalline  powder  which  differs 
from  the  ()th(T  alkali  phos|)hates  hy  being  onl\'  slightly  soluble.  Acid 
and  double  salts  are  formiMl. 

Lithium  Carbonate,  Li2('()3,  is  a  erystalline  powder  precipitated  from 
lithium  ehloriii  solution  hy  ammonium  carbonate.  It  is  only  slightly 
soluble  in  water,  thus  difTerin*::  from  the  other  carbonates  of  this  group 
and  resemblinjr  the  earbonates  of  group  II.  Acid  and  double  ciU*bonates 
are  formecl. 

Lithium  Silicate,  Li.SiO^,  is  obtained  by  fusing  lithium  carbonate 
with  silicic  oxid. 

Lithium  Fluosilicate,  Li.SiFp.^II.O,  is  obtained  in  monoclinic  cr>'stals 
by  action  of  fluosilicic  acid  upon  lithium  carbonate. 
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SODIUM* 

Symbol  Nu,  Atomic  weight  23.  Valence  L  Specific  gravity  0J7* 
Melting-|x>mt  95.6^ 

Occurrence.^— Sodium  compmindf?  are  botli  abundant  and  widely 
distributed,  being  found  in  all  a<jiis  and  waters  and  in  the  bodies  of 
plants  and  anijnals.  Indeed  it  h  difficult  to  find  anything  which 
do(*.s  not  contain  traces  of  sfjdium,  $.s  is  easily  shown  by  the  spectrr> 
si'<*fx;  or  flai!ie  r**aetion,  Tlie  most  abundant  of  the  compounds  is 
scKiiiim  chlorid,  found  in  saliiie  waters  and  in  beds  of  rock  salt, 
S<:>ilium  nitrate  is  found  in  large  deposits  in  Peru  and  Bolivia* 
Scxlium  carbonate  and  sotlinm  sulfate  are  also  found  in  certain 
localities.  Sodium  is  found  in  many  localities,  and  sodium  ehlorid 
h  an  essential  constituent  of  the  human  body,  being  found  ill  the 
blood  and  tissues. 

History- — Bodium  was  first  separated  by  Davy  in  1807  by 
elect rolysLs  of  the  hydroxid.  Sodium  carbonate  was  called  neter 
by  the  Hebre%vs^  nitron  by  the  (J reeks,  an<l  nilrinn  by  the  Homans, 
In  the  fifteenth  century  this  term  was  applied  to  saltpeter  also,  and 
to  dii?tittguish  them  the  namf*  of  the  sodium  coni pound  was  changed 
to  mUrum  or  nairon,  from  which  word  the  Latin  name  of  the  element, 
natrium,  is  deriv^e^t  The  English  name  is  from  scKla  {solidUf  solid), 
a  term  applied  in  the  Middle  Ages  t-o  all  alkalij^?. 

Preparation^ — Sodium  has  usitally  been  obtained  by  reducing 
the  carlKvnatc  with  carbon.  Na3C03+2C  =  3CO  +  2Na.  The  ma* 
t :-riaU  are  heat^l  in  iron  cylinders  and  the  t^odiian  vapor  condensed 
in  flat  imn  receivers  and  collected  under  naphtha. 

Sodium  is  now  mostly  prepared  by  elect ml\isis  of  eodium 
hydroxid  in  iron  pot^  with  permeable  partitions.  Smiium,  liber- 
ated at  the  cathode,  floats  and  k  removed  from  time  to  time. 

PliyBical  Properties. — Sodituti  is  a  white  metal  of  specific  gravity 
0.97,  and  soft  enough  to  be  moulded  with  the  fingers.  At  -  2if  it  is 
hai\h  at  .50°  it  is  semifluid,  at  95,6^  it  melts,  and  at  740''  It  boils,  lis 
vapor  density  has  not  been  very  accurately  determined,  but  it  seenia 
to  be  below  23,  and  the  molecule  is  probably  monati>mic,  liy  melt« 
ing  it  in  a  closed  tube,  allowing  it  to  partially  cool  and  pouring  the 
liquid  away  from  the  solid  portion^  it  may  be  obtained  crystallized  in 
octaiiedrons. 
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Chemical  Properties, — Sodium  tarnishes  quickly  and  must  te 
kept  uiitier  a  liquid  which  contains  no  oxygen,  as  coal-oil.  AVhen 
heated  in  the  air  it  bums  with  a  bright-yellow  flame.  It  imites 
directly  ^nth  chhirin,  broniin,  lodin^  sulfur,  selenium,  and  tellurium, 
readily  when  the  materials  are  moist,  with  difficulty  when  dry.  It 
forms  alloys  with  hydrogen,  potassium,  mercur\%  and  other  metak. 
It  decomposes  water  wnth  liberation  of  hydrogen,  ami  if  the  water  is 
warm  the  hydrogen  inflames.  It  dissplves  in  ammonia  to  a  blue 
aolution. 

Uses, — Sodium  is  used  as  a  powerful  reducing  agent,  especiaUy 
in  the  preparation  of  silicon,  boron,  magnesium,  and  aluminiim^  and 
as  amalgam  in  separating  gold  from  quartz. 

SODIUM   COMPOUNDS, 

Sodium  is  uiii%^alent  in  all  its  compounds  and  its  solutions  con* 
tain  the  colorless  elemental  ion  Na\  Tliis  ion  is  very  active,  uniting 
readily  mth  nearly  all  negative  ions,  but  not  easily  separating  as  th  • 
metaL  The  sodium  compounds  are  very  numerous,  nearly  every 
one  theoretically  possible  being  realized.  The  metal  is  strongly 
basic  and  shows  no  acid  properties.  Its  eompoimds  are  generally 
exothermic,  but  many  of  its  salts  dissolve  in  water  with  absorption 
of  heat. 

Some  of  the  more  important  thermal  equations  are  as  follows: 

(Kaj,0)  -  80,400  cal  {Ka3jO)  - 101,900  cal 

(Na3,S)  -  87,000  cal  fKa,CI)  =  07,GO0  ral. 

(Na,Br)  -  S5,800  caL  (Xa,I)  =   (>9400  cal  . 

(Na,ClA)  =  86,S00cal.  {Na,N,0^)  - 111,300  caL 


(Na„S,Oj 


-410,900  cal. 
-328,800  cal 
-272,600  cal. 


(Na„S,0^)  -2{>S,5(X)caL 
(Na,H.SA)  -267.800  ml 
fNa,H,C,Oj)  =229,900  cal- 


(N%,S^,03,5Aq)  -265,200  cal 

The  heat  of  solution  of  some  of  the  compounds  is  as  follows: 

NaHO  -       9.900  cal.       Na,0    -  55,000  caL      KaQ       =  - 1 .200  val 

KajSOi  -  - 1 1 ,000  cal.       NaNO,  =  -  .5,000  caU      XaHCO,  -  -  4 .300  I'wl 

XajPO,--     5,600  cal. 

Sodium  Hydride  NaH.  —Fused  sodium  between  300^  and  400' 
absorbs  about  237  volumes  of  hydrogen,  forming  an  alloy  whose 


M^Mi 


Oi,  xxx\t:.]  the  potassows,  alkali  metals. 


5^7 


composition  is  approxinmtely  NalT,     It  fonns  white,  silky  needles 
which  are  mstantly  decomposed  by  water  and  aeida* 

Sodium  HaUds. — Sodium  has  strong  affioity  for  the  halogeiis, 
fonijing  with  thc^n  the  tyi>iral  haloid  or  liiiiary  salts.  Sodium 
chlorid  IB  tilt*  one  which  gives  them  the  name  haiogensj  sail^nmkers. 
They  are  all  colorless,  stable,  anh3'clrnus  solids  which  cn'stallize  in 
cubes  and  have  a  salty  taste.  They  also  forni  at  k»w  temperatures 
cryfitalhtie  hydratt's*  There  are  niaiiy  flouble  halids  or  halo  salts,  of 
which  native  eryoUte,  3NaF,AlFl  or  NajAlFfl,  m  an  example. 

Sodium  Fliiorid,  NaF,  may  be  prepared  by  dUsolving  the  proper 
amouut  of  the  hydroxid  or  carhonate  in  iiydrotiuoric  acid,  evajiorating 
in  a  platmum  tlish^  aod  gently  i(rniting.  It  crystalliaes  in  cubes  and 
octahedrons,  is  slightly  soluble  in  water  (4  pts*  to  100),  and  ii*  insoluble 
in  alcohol 

Sodium  Hydrogen  Fluorid,  NaF,HF,  or  Na — F=F — H,  is  obtained 
in  octadcliral  crystals  of  §harp  tiiste  by  evaporating  a  iolution  of  sodium 
liuorid  in  hydrofluoric  acid. 

Sodium  Chlorid,  NaCh — This  is  the  most  abundant  and  most 
miportAnt  compound  of  sotlium  and  desen^es  a  somewhat  detailed 
description. 

Occurrence, — Sodium  chlorid  or  common  salt  ttccurs  in  large 
quantities  in  sea  and  saline  waters  and  in  the  mineral  halite  or  rock- 
salt.  Extensive  beds  of  the  latter  are  found  in  New  York^  Michigan, 
Vir^iniai  and  Louisiana,  It  is  also  found  in  var^'ing  quantities  in 
all  fresh  waters.  In  mountainous  and  sandy  regions  the  water  may 
contain  even  les.s  than  one  part  in  100,000,  while  in  the  Great  Salt 
Lake  it  reaches  20  per  cent  and  in  the  Dead  Sea  22  per  cent.  The 
waters  of  the  Metliterranean  Sea  contain  3.8  per  cent  and  those  of 
the  Atlantic  Ocean  3.6  per  cent,  while  tliose  of  the  Baltic  Sea  contain 
but  5  parts  in  KKK).  It  is  found  in  all  soils  and  many  plants,  and  is 
an  important  food  of  all  animals,  being  an  essential  constituent  of 
blood  antl  tissues* 

Prejxiration. — ^Sodium  ehlorid  may  be  prepared  by  direct  union 
or  by  the  action  of  sodium  hydroxid  upon  hydnjchloric  aeid : 


t 


NaHO  +  HQ  =  H^O  +  NaCL 


The  commercial  article  is  always  obtained  from  nature,  the  three 
ncipal  sources  being  sea-water,  salt  springs  and  weUSj  and  rock- 
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Salt  is  obtained  from  sea-water  in  warm  climates,  especially  along 
the  coast  of  the  Mediterranean  Sea,  by  a  simple  process.  The  water  at 
high  tide  is  allowed  to  flow  into  shallow  basins  called  salterns  or  salt 
gardens,  where  it  evaporates  in  the  sun,  a  new  supply  being  added  each 
day.  The  first  product  is  nearly  pure  sodium  chlorid,  but  later  a  mix- 
ture of  sodium  clilorid  and  magnesium  chlorid  is  obtained.  The  residual 
liquid  contains  a  number  of  other  salts,  especially  bromids,  and  is  used 
as  a  source  of  bromin  compounds. 

Most  of  the  salt  manufactured  in  the  United  States  comes  from  salt 
sprinpjs  and  wells.  The  brine  is  concentrated  by  exposure  to  the  air  and 
finally  evaix)ratcd  in  shallow  iron  pans.  The  air  evaporation  is  usually 
hastened  by  allowing  the  water  to  flow  through  stacks  of  loose  brush- 
wood called  graduatorSy  whereby  it  is  soon  so  concentrated  as  to  contain 
20  i)er  cent  of  salt.       * 

Rock-salt  is  min(^  in  various  ways.  '  It  may  be  brought  to  the  sur- 
face and  used  a.s  such  when  it  is  sufficiently  pure.  It  is  more  generally 
dissolved  and  rocry stall! zed.  It  may  be  dissolved  by  admitting  water 
to  the  mine  and  then  pumping  the  water  out  when  it  is  saturated  with 
the  salt. 

Physical  Properties — Sodium  chlorid  crystallizes  in  white  lus- 
trous cubes  and  hopi>er-shaped  masses  of  specific  gravity  2.13.  It 
ha.s  a  j)l(^asant.  salty  taste  and  is  soft  enough  to  be  easily  cut  with  a 
knif(\  It  is  coarse  or  fine  accrorclinp;  to  the  rapidity  of  the  evapora- 
atioii.  It  melts  at  772°,  mid  is-  volatile  a  little  above  this.  It  dis- 
solves ill  v.ater  with  absorption  of  heat  (XaCl.Aq.  =  —  1200  cal), 
the  solnhility  iiiereasin^  slightly  as  the  temperature  rises.  One 
hiiiulred  ])arts  dissolvt.^  at  0°  35.5  parts,  at  14°  35.8,  at  50°  36.98. 
and  at  100°  3!).().  Tlu^  sj)e('ific  gravity  increases  regularly  with  the 
(luantity  of  the  salt  dissolved;  and  a  s|)ecific-gravity  table  maybe 
used  to  (Ictennine  the  strength  of  solutions.  A  10  per  cent  solution 
has  a  specific  gravity  1.14.  Its  addition  to  water  raises  the  boiling- 
point  an<l  low(Ts  the  freezing-point.  A  30  per  cent  solution  boils 
at  10*)'^  and  freezes  at  —  21°.  Hy  eoohng  the  saturated  solution 
s(^veral  hydrates  are  obtained:  at  10°,  NaCl,2H20,  and  at  -22°, 
Xa(1,lOlI.,( ).  It  is  precipitated  from  sohition  by  hydrochloric  acid, 
and  thus  may  he  separated  from  the  other  salts  with  which  it  may 
ho  mixed.  Common  salt  is  slightly  deliquescent  because  of  the 
pres(Mice  of  a  little  magnesium  chlorid  as  an  impurity. 

(linnicdl  Properties.— '>o(\mu\  chlorid  is  stable,  but  in  solution 
is  chemically  quite  active  i)ecause  of  the  free  ions  Na'  and  CI'.  It 
is  decom]K)sed  by  most  acids  except  hydrochloric,  with  liberation  of 
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hy*lix)gen  chlnrid.    It  dissociates  strongly  in  solution;  deednormal 
84  jjer  cent,  centinormal  93,5  per  cent;  millinormal  98  per  cent. 

Vsf^, — Sodium  cWorid  is  an  important  food,  being  essc'ntial  to 
animal  life.  It  is  an  antiseptic  and  preservative  fur  im-at**,  buifrr, 
and  othi*r  foods.  It  b  largely  used  in  the  manufaeture  of  eldorin 
mud  alknliB  and  other  salts  of  sodium,  and  in  glazing  earthenware. 

Soditiin  Broimdt  XaBr^  m  prepared  by  direct  uhiqu  of  I  he  cJerarnls 
or  by  action  of  hydrogen  brocnid  upon  sodium  hydroxid/  It  fornix  white 
cubes  of  sharp  a*Uty  taste  arid  sspecific  gravity  3.  It  mt?lt^  ui  70.H*^.  U 
ifeOiore  soluble  ihan  th«*  clilorid,  antl  the  solubility  iuerease^^  more  rapidly 
as  ill*'  tcmpfi'atiUT  a^'%  100  part's  of  water  dissolving  ^%  at  'JiP  and  1 14 
at  IfX)".  The  i^aturnted  solution  b*>i!^  at  121°.  Above  30'^  it  erystallisiPS 
anhydrou.s,  below  nn  N:iBr,2UjO. 

So  (Hum  Iodide  Xal,  is  formed  by  direct  union  of  the  elements,  or  by 
nf*ufriihzing  hydrit»dic  acid  with  sodium  carbonatOp  or  by  action  of  iodin 
and  hyrirogf*n  i*Kiid  upon  .sodium  hydroxld.  It  cr\*?t^b;ti*i^  from  solu- 
tion aljo\*c  4tF  anh)''drous,  Ijirlow  UT  its  XaI,2HjO.  It  is  deHfjuescent 
rndt.-i  at  tJ28''.  It  b  more  soluble  than  tht'  bromid  or  ehlorjd,  100 
rts  of  water  dissohnn^  hiS  parU*  at  U%  178  at  2tP,  and  312  at  100°. 
bi»  KaturaUftl  solution  boils  at  141*^. 
Sodium  Cyaaid,  XaCN,  h  prepnTed  by  action  of  hydrocyanic  acid 
^|M>n  siHliiiJii  hy dTMX it  1.  It  is  a  white  deliquescent  solid  which  crystal** 
1  ivitii  flilTieultymui  form.^  twubydrntcs,  2XaCN,H,0ami  XaCX\2H,0. 
Sodium  Olid,  Xa,0,  is  formed »  tagt?ther  with  the  peroxid*  when  so- 
burns  in  moist  air.  It  is  beitef  prepanni  by  beating:  sodium  with 
hydroxid.  It  is  a  gray  amorpbous  solid  of  j?pecific  gravity  2M. 
Its  at  rtni  heat  and  volatili^t^s  at  a  higher  tempcratui"e.  It  unites 
igriToii^ly  to  water  to  form  the  hydroxitl. 

Sodium  Peroxide  N?40„  is  formeil  wlicn  sodium  bums  in  an  excess 
'  dry  air  or  oxygen.  It  deliqueHee„^  slowly  in  the  air  and  absorbs  carlmn 
iioxid.  l>ecomiiig  sodium  carbonate,  Wheif  din^iolveil  rapidly  in  water 
Kvgen  is  evolved,  but  if  added  slowly  hydrogen  peroxid  is  obtained.  By 
fapnrnting  the  solution  over  sulfuric  acid  crystals  of  Na,Oj,SH,0  are 
liLttinf^fJ. 

S'  mxid  k  used  as  an  oxidiaing  agent  in  analyi-ie  operations 

ad  If  riif. 

Sodium  Hydroxid,    NaHO.— Pure  sodium   hydroxid  is   best 

tained  by  actinn  of  sf>flinm  or  sorliiim  oxid  npon  water.     Com' 

iaUy  it  is  prepared  on  a  large  scale  by  action  of  slaked  lime  upon 

ium  carbonate:   CaHA  +  NasCn3  =  Caa:)g+2XaHO,  or  by  the 

Jectrnlvfii^  of  8<jdhnu  i^ldurid  in  the  ]>resence  of  water, 

Sridiism  hv.lrnxid,  popularly  known  as  vamtic  soda,  is  a  white, 
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brittle,  opaque,  fibrous  solid  which  is  strongly  caustic  and  highly 
deliquescent,  melts  below  red  heat,  and  volatilizes  at  white  heat. 
It  dissolves  in  water  in  all  proportions,  evolving  much  heat,  and  if 
the  solution  be  evaporated  at  low  temperatures,  various  hydrates 
are  formed.  At  -  8°  crystals  of  NaHCTHjO  separate.  The  solu- 
tions boil  at  elevated  temperatures,  36  per  cent  at  130°  and  83  per 
cent  at  260°.  The  specific  gravity  of  the  solution  indicates  the  per 
cent  of  the  hydroxid:  1  per  cent  1.01,  10  per  cent  1.12, 20  per  cent 
1.23,  and  50  per  cent  1.54.  Its  dissociation  into  Na*  and  HO'  is, 
decinormal  90  per  cent,  centinormal  99.5  per  cent,  five  hundredth 
normal  100  per  cent. 

Sodium  hydroxid  is  used  in  many  industrial  operations,  notably 
in  the  manufacture  of  soap  and  paper,  and  in  the  purification  of 
carbolic  acid  and  petroleum  residues. 

Sodium  Sulfid,  Na^S,  is  obtained  by  passing  hydrogen  sulfid  over  dry 
sodium  hydroxid  or  by  reducing  the  sulfate  with  carbon  or  hydrogen. 
It  is  an  amorphous,  deliquescent,  flesh-colored  solid.  It  dissolves  readily 
in  water,  but  the  solution  is  unstable  and  soon  contains  polysulfids,  sul- 
fates, and  thiosulfates.  It  forms  several  hydrates,  the  one,  Na^S,9H,0, 
being  most  easily  separated. 

Sodiiun  Disulfid,  XajSj,  and  polysulfids  are  formed  in  sodium  sulfid 
solutions. 

Sodium  Hydrosulfid,  NaH8,  is  obtained  by  treating  sodium  sulfid 
solution  with  hydrogen  sulfid  and  evaporating  in  an  atmosphere  of  hy- 
drogen sulfid. 

Sodium  Selenid,  Na^So;  Diselenid,  XaoSe,;  TeUurid,  Xa^Te;  DiteUurid, 
X'^a2T(\;  Nitrid,  XajX;  Phosphid,  X1I3P,  and  Arsenid,  XajAs,  have  been 
prci)ared. 

Sodium  Fluosilicate,  XiuSiF^,  falls  as  a  gelatinous  precipitate  whea 
fluosilicic  acid  is  ii(id(*d  to  sodium  chlorid  sohitioh. 

Sodium  Salts. — Sodium  is  strongly  basic,  yields  an  ion  which  is 
very  active,  and  forms  salts  with  all  the  acids.  These  are  generally 
soluble  ill  water,  colorless  and  crystalline,  and  many  are  deliquescent. 

Sodium  Chlorate,  XaClOg,  is  obtained  by  dissohang  sodium 
carbonate  in  chloric  acid  or  by  the  action  of  sodium  silicofluorid 
upon  potassium  chlorate.  It  cr\\stallizes  in  tetrahedrons  and 
resembles  i)otassium  chlorate  in  properties,  though  it  is  much  more 
soluble  in  water,  100  parts  of  water  dissolving  99  parts  at  20°  and 
232  at  100^.     It  is  used  in  the  manufacture  of  anilin  black. 

Otlicr  salts  of  the  halo<2:en  acids  are: 

Sodiimi  hypochlorite,  XaClO,  a  bleaching  and  oxidizing  agent. 
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Sodium  pereblorate,  XaCIO^,  a  veni^  soluble  crystalline  salt 
Soilium  Iwpobromite,  NaBrO^  only  in  min  table  solution. 
Sodium  bromale,  NaBrOj^  crystalline  salt  jsomorphous  uitii  KBrO|. 
,  podium  iodate,  NaIO,j  en^stallijie  solid, 

iiim  periodates,  Na,H,IO,  and  NaiHjIOj  and  NalO^,  crj^ladine 


Sodium  HyposulfitCi  NaPISOj,  is  formed  by  the  action  of  %mc 
pfin  fioiiium  hydrogen  sulfite.    The  solution  is  trcat-ed  with  Ume^ 
khereby  zijic  oxid  and  calcium  sulfite  are  precipitated.      By  treat- 
the  clear  liquid  with  alcohol  the  sodiuni  hyposulfite  is  thrown 
%n\Ti  in  fine  needle-cihaped  erystalsi  which  are  dried  in  \'a<*uo  and 
iuBt  be  kept  away  from  the  air.     It  m  used  by  the  dyer  for  reducing 
idigo  and  in  the  laboratory  for  deternuning  free  or  loosely  combined 
tygen. 
Sodium  Sulfit€t  NaiSO^.THjO,  is  ubtaiiied  by  action  of  sulfurnus 
id  upon  sodium  carbonate  in  excess.     It  becomes  aoliydrous  when 
fated  and  its  sulutitm  h  alkaline  by  hydrolysLs,  • 

Sodium  Hydrogen  Sulfite,  NaHSO,,  is  obtained  by  saturating  a 
^lution  of  sodium  carbonate  with  sulfurous  oxid  in  the  cold. 

Sodium  Sulfate,  \u^,S()^,  occurs  native  as  ikertardtte.     It  h  i>rr»" 
ice<l  in  many  chemical  operations,  generally  from  sodium  ehiorid, 
by  action  of  hot  sulfuric  acid,  magnesium  sulfate,  or  sulfurous 
id  and  oxygen  (known  aa  the  Hargreaves  process) : 

2XaCl  +  MgS04  -  MgCl^  +  Na,SO,. 
2NaCl  +  SO.  +  0  +  HjO  -  2HC1  +  Xa,SO,. 

i  IS  also  a  by-prodijci  of  the  manufacture  of  nitric  acid  from  sodium 

rate. 

The  anliydrous  ii?alt  is  know-n  as  f^alt  cake  and  is  used  in  large 
^antities  in  the  sotia  and  alkali  industries,  and  in  the  manufacture 

Sodium  sulfate  fonns  three  distinct  hydrates,  viz,,  with  1,  7,  and 
molecules  of  water.    The  last,  Na^SO^JOHjO.  is  most  easily 
stained  and  is  known  as  G!aubcr^&  salt,  Glauber  having  described  it 
1568.     It  crystallizes  in  monoclinic  prisms,  has  a  bitter  taste,  is 
lorwjcent,  and  loeises  its  water  when  heated.    The  tliree  hydrates 
exhibit  different  degrees  of  solubility,  and  this  explains  the  peculiar 
prion  of  rjlauber's  salt  with  water.     It  dissolves  in  100  parts  of 
ii.T  12  parts  at  if,  48  parts  at  18°;  100  parts  at  25^  200  parts  at 


\ 
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30°,  327  parts  at  33°.  On  further  increase  of  temperature  the  solu- 
bility falls,  being  263  parts  at  50°  and  238  parts  at  100°.  This 
phenomenon  is  explained  on  the  supposition  that  above  33°  the 
hydrate  dissociates  and  that  it  is  the  anhydrous  or  monohydrated 
salt  that  is  dissolving. 

Sodium  sulfate  furnishes  the  best  example  of  supersaturation. 
If  the  solution  saturated  at  33°  be  allowed  to  cool  the  salt  remains 
in  solution.  If  a  cr\'stal  of  the  salt  be  added  the  liquid  becomes  at 
once  a  solid  crystalline  mass. 

Glauber's  salt  is  used  in  medicines  as  a  purgative. 

Sodium  Hydrogen  Sulfate,  NaHSO^,  is  prepared  by  action  of  sulfuric 
acid  u(X)n  sodium  chlorid  or  sodium  sulfate.  It  crystallizes  from  solu- 
tion in  large  triclinic  prisms. 

Sodium  Alum,  XaAl(804)2,12H20,  is  the  most  soluble  of  all  the  alums. 

Sodiimi  Disulfate,  Xa^SjO,,  is  obtained  by  heating  a  mixture  of  sul- 
furic oxid  and  sodium  chlorid:  2Naa  +  3S0,  =  SOjQ,  +  Na^O,,  or  by 
gently  igniting  spglium  hydrogen  sulfate. 

Sodium  Thiosulfate,  XajSjOsjSHjO,  is  known  as  hyposulfite  of 
sala,  or  simply  hypo.  It  is  largely  used  in  photography  as  a  fixing 
solution  to  roniovt^  the  unchanged  silver  chlorid  from  the  plate,  and 
as  an  antichlor  in  the  paper  manufacture,  and  in  other  bleaching 
])n)c(»s.^os.  It  is  prepared  by  boiling  sodium  sulfite  solution  with 
sulfur. 

Sodium  tliiosulfate  forni?^  large  monoclinic  prisms  which  are 
deli(iu(\seent  and  easily  soluble  in  water.  It  melts  in  its  water  of 
erystallization  at  oO^,  loses  the  water  at  100°,  and  decomposes  on 
further  h(^atin<r  into  Xa.,S(  )^  and  Xa^Ss-  I^  ^^  unstable,  being  readily 
deconij)(K^('<l  by  the  acids  and  the  halogens. 

Sodium  forms  sclonitcs,  selenates,  tellurites,  tellurates,  also  chro- 
matcs,  m()lyl)(hit('s,  and  tungstates. 

Sodium  Nitrite,  X'aX( ).,,  is  obtained  by  reducing  sodium  nitrate 
with  lead,  iron,  or  graphite.  It  is  a  ver>^  soluble,  slightly  alkaline, 
and  unstal)le  d(»lif|uese(»nt  crystalline  solid.  It  is  largely  used, 
instead  of  the  more  costly  potassium  nitrite,  in  the  dye  industr}',  and 
in  preparation  of  azo  compounds. 

Sodium  Nitrate,  XaX(  )3,  is  known  as  Chili  saltpeter  or  soda  niter. 
It  occurs  in  larire  deposits  in  the  rainless  regions  of  Peru  and  Bolivia, 
associated  with  common  salt,  gypsum,  and  sodium  sulfate.    The 
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crude  salt  is  purified  by  recn'staliiKatinn.  It  is  artificially  prepared 
by  dissolving  sodium  hydroxid  in  nitric  acid.  It  is  quite  soluble 
in  wilier,  100  parts  tli?isolving  87  parts  at  20^,  KM)  parti?  at  40°;  and 
1 8( *  parts  a 1 1 00^ .  1 1  n r>^sta  11  izes  i u  o litu^e  rh(  n  til icjhe*  1  ro ni^  apprt^xi- 
matiug  cubes,  and  hence  h  called  ntbic  saitpcier.  It  melts  at  310° 
and  (leeompoKesi  at  a  Mgber  temperature.  It  ig  deliquescent,  and 
caanot  be  used  for  ^inpowder.  It^  i^hief  use  is  in  the  manufacture 
c*f  nitric  acid  and  potassium  nitrate. 

Phosphates-— ^Sodium  forms  saltB  mth  all  the  acids  of  phos- 
phorus. Tliey  all  cr}'stal}ize  well,  with  more  or  less  water  of  cr>'e- 
talliiiation.  The  orthophosphates  give  with  silver  nitrate  yellow 
prpcipitates  of  sih-er  phosphate^  AgjPO|. 

Sodium  Phosphate,  Na^POi,  12HjO.— ^The  normal  sodium  phos- 
phat-e  fjccuis  in  the  bones  of  animals  and  in  native  phospliates* 
It  may  be  prepared  by  evaporating  a  Sfjhition  in  molecular  pro- 
portions of  disiitliirm  phospliate  and  «!otiinni  hydn>xid,  NajHPl)^ 
H-NflHO^HjO  +  NasPOj*  It  ervf^tallises  in  hexagonal  prisms  with 
twelve  tnoU^'ules  of  water.  Its  solution  is  strongly  alkaline  because 
of  hydrolysis,  Na»POj  +  H^O  -  Na^PO, + Ka' ,H0^ 

Disodium  Phosphate,  NaaHPC)4J2II^C>.  is  the  common  sodium 
phosphate  of  comuK*rci*.  It  m  pref>ared  by  neutrali/Jng  phosphoric 
acicl  with  sodium  hydroxid  or  carbonatt%  or  by  the  actino  ut  sul- 
furic acid  upon  the  trisodirmi  phosphate  found  in  bones  and  native 
phosphates  (see  Phosphorus),  It  fonns  m*moclinie  prbujs  of 
6|MH'irKr  gravity  1.5,  It  eflloresees,  melts  at  35^  in  its  water  of 
crj'stalli/ation,  and  at  45^  gradually  Imiws  the  vvIk^Io  of  the  water. 
Its  solubility  increases  as  tlie  temperature  ris*^s,  1(X)  parts  dissolv- 
ing 2.5  part«  at  0^,  9  parts  at  20^,  N2  parts  at  ,^P,  and  99  jiarts  at 
lOO®,     It  has  a  cooling,  saline  lawte  aiHl  alkaline  reaction. 

Sodium  phosphate  is  much  \ise<l  in  medicine  as  a  mild  purgative 
and  in  the  laborator>^  as  a  reagent,  es]}ecially  in  the  determination 
of  magnesium, 

Honosodium  Phosphate,  NaH^PO^HaOi  is  obtainefl  by  adding 
phosplioiic  acid  to  di^odiiim  phosphate  until  barium  chloritl  gives 
no  precipitate,  Na^H  P(J^  +  hJh\  =  2NaH5p04,  It  erj^tallizes  with 
one  molecule  of  water  in  efflorescent  monoclinic  prisms;  Its  s^jIi  - 
tion  is  acid  by  hytlmlytic  dissociation,  NaHjPO^+HjO^NanllPO^ 
-fIl^H^H^P^V^ 

Soditim  Metaphosphate^  NaPO^,  is  an  amorphous  glass-like  sub- 
stance obtained  by   heating  monosodium  phosphate  or  sodium 
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ammonium  phosphate.  It  may  also  be  obtained  Ln  cr^-stak  ^ith 
one  and  a  half  molecules  of  water. 

Sodium  Diphosphate,  Na^PjO^,  lOHjO,  is  prepared  by  heating 
disodium  phosphate,  2Na^P04=H20-l-Na4P207.  It  cn'staDiies 
with  ten  molecules  of  water. 

Sodium  Ammonium  Phosphate,  NH4NaHP04,4H,O,  known  as 
microcosmic  salt,  crj-stallizes  from  a  mixed  solution  of  disodium 
phosphate  and  ammonium  chlorid,  Na2HP04+ NH^Cl  =  NH^NaHPOi 
-fNaCl.  When  heated  it  yields  sodium  mctaphdsphate.  It  is 
used  in  blowpipe  analysis  to  form  on  platinum  wire  a  bead  of 
sodium  metaphosphate  which  dissolves  metallic  oxids,  f>ig8"Tn'ng 
characteristic  colors. 

Sodium  Arsenates. — ^The  sodium  arsenates  are  exact!}-  analo- 
gous to  the  phosphates.  An  impure  arsenate  is  prepared  by  boiling 
a  mixture  of  arsenous  oxid,  sodium  hydroxid,  and  sodium  nitrate. 
It  is  used  in  calico-printing  for  cleaning  the  cloth  after  mordanting. 

Other  salts  of  sodium  belonging  in  this  connection  are  the  arsenites, 
thioarsenites,  thioarsenates,  antimonates,  thioantimonates  (Schlippe's 
salt),  vanadates,  metavanadates,  fluovanadates,  tantalate^  and  fluo- 

tantalate. 

Sodium  Carbonate. — This  important  compound  occurs  native 
as  7wtr<m,  Xa^COg.lOH/),  and  as  thcrmonatritc,  Xa^COs.HjO.  It  is 
found  in  the  ashes  of  sea-plants,  and  this  was  the  chief  source  of 
supply  until  1793,  when  its  manufacture  from  sodium  clilorid  was 
begun. 

The  anhydrous  salt  is  a  white  porous  alkaline  solid  known  as 
so(I<i  ash.  It  has  sj)ecific  gravity  2.5,  melts  at  S50°,  dissolves  in 
water  witli  evolution  of  heat,  crystallizes  from  solution  in  mono- 
clinic  ])risms  of  composition  NaoCOj.lOHjO,  and  specific  gravity 
1.45.  This  is  known  as  ic(ishin{j'Soda.  It  is  efflorescent  and  looses 
all  its  water  hut  one  molecule  at  34°,  and  parts  with  this  at  100°. 
Several  other  hydrates  can  be  formed.  As  in  the  case  of  s(xliuni 
sulfate,  so  also  with  this  compoimd  there  is  an  irregiUarity  in  its 
solubility.  One  himdred  parts  of  water  dissolve  at  0°  7  j)artS;  at  Sf 
59  parts,  at  79°  4G.2  parts,  and  at  1(K)°  45.4  parts. 

The  commercial  sodium  carbonate  always  contains  as  impurities 
the  chlorid,  sulfate,  and  hydroxid  of  sodium.     It  is  used  in  themJF. 
ufacture  of  soa])  and  glass  and  in  the  preparation  of  nearly  all  th 
other  sodium  compounds.  ^ 
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Sodium  Rydrocarbonate,  XallCO^,  is  known  as  bimrhonate  of 
goda  or  rooking  sofJa.  It  is  a  wtiitt*  alkali rii'  pnwfkT  roosi^ting  of 
email  niunodinic  cn-stflls.  It  is  [)repareil  by  the  action  of  caxbon 
dioxid  ii|K>n  sodium  carbonate:  Na^^COs  -h  CO^  -f  H^f )  =  2KaJlC0^- 
It  is  k^ss  i5oliib!e  than  the  normal  salt  and  the  solubility  increases 
a.s  the  temperature  rises.  One  hundred  parts  of  water  di.sijulve  at  0^ 
8  parts,  at  20^  9.8  parts,  at  50"^  12  J  parts,  at  70^  14,6  parts.  By 
heating  the  salt  or  boiling  the  solution  it  m  convertetl  into  the  nor- 
mal carhoimte.  If  the  solution  be  boiled  and  enoled,  inonoelinic 
cr>^'?tals  of  the  so*called  ^'H<iincjirbouate  NajCt  )a,2NaH0  )3,2H30 
peparate.  This  (^om}>ound  occurs  natixe  in  Ikuigar^^  and  Kg3q>t 
id  in  the  Rocky  Mountains  as  the  mineral  Irona. 

Sodium  hydrocarbonate  is  largely  used  in  bread-making,  in 
Saking-powflerSp  and  in  effervescing-powders. 

The  sodium  earbonates  are  alkaline  by  hydrtjly  tic  dissociation, 

Ka,a\  +HjO-Na%HO'  +  Ka,HO(V 
NaHCD,+HaO=Na\HO'+H,0+CO,.    - 

The  Alkali  Industry. — Since  sodium  carbonat-e  is  of  such  commercial 
aixjrtaoi'i*  it4?  miirmfacture  is  of  intercut.    Then^  are  two  general  meth- 
od*, knouTi  resiwctively  m  the  Le  Blanc  process  and  the  Salvay  or  am 
mfmi.i-sirjda  process.     The  first  was  devised  by  the  Frenclmian  I^  Blani 
in  i7M.     Tlie  Hf*("ond  was  introduced  as  early  lis  IKiS,  btjt  was  first  madt 
railable  by  Salvay  in  1861,  in  a  factor)^  n<-ar  BrtisM?b, 
Lc  Bltmc  procem- — Tfiia  process  con.sists  of  tltree  parts: 
L  Preparation  of  the  .alt  cake  NajSOi  by  the  action  of  sulfuric  acid 
rin  common  salt.    There  arc  two  stages  in  the  action  represented  by 
tlie  pquatifjns 

Naa  +  n,£50,  =  lid  +  NaHSO,;    NaQ  +  NaHSO,  -  HCI  +  Na^SO,, 

2,  The  couversitm  uf  the  salt  cake  into  black  ash,  or  of  the  so<Jium 
Itti  into  iwKliutn  cai^bonale,  by  means  of  calcium  carbonate  and  carboa: 

Na80,  +  CaCO,  +  2(:  =  CaS  -h  2COj  +  Na.CO,. 

.  3i  Tlic  separation  of  the  stniium  carbonate  by  Ibciviatioa  of  the  black 
ttd  evajioratioo  of  the  sohition, 

Sahny  process.  —  The    Balvay    or  ammonia-soda   process   is 
baaed  upon  the  decomposition  of  sodium  chlorid  by  carbon  dioxid  and 
Qonia: 

KH.OH  4v€0,  +  Nad,  =  NH,a  4  XaHTO,, 

The  aliglitly  soluble  so<iium  hydrogen  carbonate  is  precipitateti  and 
liquid  is  filtered  or  drained  away.     The  ammonia  i?«  recovered  by 
oting  the  liquid  with  lime  or  mi*^Tif-sia  and  is  iis<;d  in^fT  and  ovi^r, 
S^^i  fwm  cryo!ik\ — Swiium  earbonjAte  is  also  mnnufacTuri^^l  from 
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cryolite  by  heating  it  with  chalk: 

Xa,AlF,  +  3CaCX),  =  SCaF,  +  SCO^  +  Na,A10,. 

The  sodium  aluminate  is  diss^^lved  out  with  water  and  decomposed 
with  carbon  dioxid: 

2Xa,A10,  +  SCO^  +  3  H2+0=  2H,A10, 3Na,CX)^ 

Manujacture  of  sodium  hydrogen  carbonate,  NaHCK),. — This  salt  is 
prepared  by  exposing  the  crystalline  carbonate  to  the  action  of  carbon 
dioxid  in  large  chambers:  NajCO,  +  CX),  +  H^O  =  2XaHCO,. 

Manufacture  of  sodium  hydroxid,  NaHO. — Sodium  hydroxid  is  made 
by  heating  the  solution  of  the  carbonate  with  milk  of  lime  or  by  the 
electrolysis  of  sodium  chlorid. 

Sodium  Metasilicate,  NajSiOg,  is  formed  when  molecular  pro- 
portions of  silicic  oxid  and  sodium  carbonate  are  fused  together. 

Sodium  Trisilicate,  Na^SisOio,  is  formed  when  silicic  oxid  is 
fused  with  sodium  carbonate  in  excess. 

Sodium  Tetrasilicate,  NajSi/  )g,  commonly  known  as  silicate  of 
soda  or  soluble  glass y  is  obtained  by  heating  together  sand,  soda  ash, 
and  charcoaf.  It  is  a  colorless  glassy  mass,  which  dissolves  in  water 
to  a  viscid  liquid.  It  is  used  in  fixing  fresco  colors,  in  making  arti- 
ficial stone,  as  a  cement  for  glass,  and  as  a  constituent  of  soap. 

Sodium  Fluosilicate,  NjijSiF,,  is  obtained  by  action  of  fluosilicic  acid 
upon  a  sodiiiui  .salt.     It  is  a  white  powder  scarcely  soluble  in  water. 

Sodium  Stannate,  XajSnO,,  is  prepared  by  dissolving  stannic  acid 
in  sodium  hydroxid.  It  crystallizes  with  varying  quantities  of  water, 
most  easily  with  3,  S,  or  9  molecules. 

Normal  Sodium  Borate,  \ajBO3,  is  obtained  by  fusing  boric  oxid 
with  sodium  hydroxid.  It  is  unstable  and  is  changed  by  water  into  a 
hydrated  m('tal)()rate. 

Sodium  Metaborate,  NaR02,4H20,  is  formed  when  borax  Is  fused 
with  sodium  carl)onat(\ 

Sodium  Tetraborate,  XajHtO;,!^^^,  is  known  as  borax,  and 

is  the  most  important  compound  of  boron.  It  is  found  native  in 
Thibet,  rcvu,  ( Vylon,  and  California  as  the  mineral  linked.  Borax 
Lake,  California,  contains  on(»  pound  of  borax  to  thirteen  gallons  of 
water.  It  may  be  i)repared  by  neutralizing  boric  acid  with  sodium 
carbonate : 

1131^03  -f  Na.COa  =  C(\  +  6H,(3  +  Xa^B.O^ 
Borax  crystallizes  in  lar^o  monoclinic  pri.sms  of  specific  gravity 
1.71.     If  the  temperature  be  ke])t  during  evaporation  betw^een  70° 
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and  80^  it  crj'stallizes  as  NajBiOy.SH^O  in  octahedrons.  This  is 
callcnl  cjctahodral  borax.  Both  salts  swell  when  heated,  looat'  water, 
and  become  a  porous  ma-ss^  and  finally  melt  to  a  trani?parent  glaj^s 
whicli  in  fusion  dissolves  many  metalHc  oxids  with  tihsraftcristic 
colors.  This  is  called  the  borcLX  bead  and  \b  much  used  iii  qualitative 
luitl  l>lo\\^ipe  analyses. 

Because  of  its  pmperty  of  dissolving  metallic  oxids  borax  j^ 
used  as  a  flitx  in  working  silver  and  gold,  and  in  soldering  and 
welding.  It  isi  iLsed  in  the  manufacture  of  porcelain  and  in  glass- 
painting,  as  an  antiseptic,  and  as  a  constituejit  of  sealp-cdeanjsing 
mixtures. 

The  fonnula  of  borax  may  be  written 

.0. 


Na— O— B— O— B  =  O 

>0 
Na— (>— B— O— B  =  O 


or 


Na— 0— B< 
Na— C>— B< 


0^ 


Sodium  Almiuiiates*^Si?voriil  Bodium  aluminates  can  be  prepared^ 
g<?e  '*Soda  from  cr>'tjlite',"  nbove. 

Sodium  Acetate,  NaCjIIjOj^SUjO* — Hodium  formit  salta  witb  nearly 
all  the  orgitnic  acids*  The  mo^t  important  of  these  is  sodium  acetate, 
a  white  crystalline?  solid  which  melts  in  its  water  of  oryHtalliKation  at  58^, 
Its  uaefulness  in  analytic  operations  depends  upon  the  fact  that  it  re* 
smveB  from  acid  solutions  the  hydrogen  ion  forming  the  sodium  salt  of 
tlie  acid  and  leaving  the  solution  acid  with  the  undissociated  acetic  acid. 


POTASSIUM, 

Symbol  K.  Atomic  weight  39,  Valence  T,  Specific  gravity  0,87- 
Melling^fHiiint  62.5^, 

Occurrence. — ^The  principal  native  compounds  of  potassium 
are  sijhnte,  KCl,  niter,  KNO^,  camaUite,  KCl,MgCli^6H^Q^  kainile, 
K3S<)^,MgSO|jMgClj/)HiO,  and  the  various  silicat-es  of  which 
pota-s>dum  is  a  constituent,  as  orthmluse,  leuciie,  mka^  biotiit\  etc. 

occurs  very  widely  distributed  in  rather  small  quantities  in 

riy  all  roeks  ant!  soils,  in  sea,  salt,  and  mineral  waters,  and  is 
an  essential  fo<xl  of  both  plants  and  animals. 

History,— Tlie  ooinpouodf^  of  potassium  have  been  known  and 
used  froui  the  earliest  times.  The  nictal  was  first  prepared  by 
Dav>^  in  1H07  by  electrolysis  of  the  hydroxid,  and  \^m  named  by 
him  after  thf!  word  potaskf  a  t^rm  long  applied  to  the  substance 
obtaiucf  I  from  asheg  by  leaching  and  evaporation. 
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Preparation. — Potassium  may  be  prepared — 

1.  By  electrolysis  of  the  fused  hydroxid  (method  of  Davy). 

2.  By  reduction  of  the  hydroxid  with  iron  (method  of  Gay-Lussac 
and  Th^nard). 

3.  By  reducing  the  carbonate  with  carbon  (method  of  Brunner): 

K,CO,  +  2C  =  SCO  +  K,. 

The  mixture  is  strongly  heated  in  iron  cylinders  and  the  potassium 
vapor  conducted  into  iron  condensers.  The  potassium  has  a  tendency 
to  unite  to  the  carbon  monoxid  to  form  a  very  explosive  compound,  and 
to  prevent  tliis  the  condensers  are  made  flat  so  as  to  cool  the  vapor  rap- 
idly. On  a  small  scale  the  mixture  of  potassium  carbonate  and  carbon 
may  be  obtained  by  heating  cream  of  tartar,  potassium  hydrogen  tar- 
trate, KHC,H,0,: 

2KHC,H,0e  =  KjCO,  +  3C  +  5H,0  +  4C0. 

Illustrations. — The  separation  of  ix)tassium  by  electrolysis  may  be 
shown  as  follows :  Melt  some  potassium  hydroxid  in  a  platinum  dish  con- 
nected with  the  positive  pole  of  a  ix)werful  battery  and  use  as  the  nega- 
tive electrode  a  stout  platinum  wire  flattened  at  the  end  and  miade  into 
a  sort  of  spoon.  On  bringing  this  into  the  fused  potash  oxygen  and 
hydrogen  arc  rapidly  evolved  and  globules  of  potassium  collect  on  the 
wire. 

The  preparation  of  potassium  by  reduction  of  the  carbonate  may  be 
shown  l)y  heating  a  mixture  of  the  carbonate  and  ma^esium  powder 
in  a  i)()iTelaiii  l)()at  enclosed  in  a  combust ion-tubo,  through  which  passes 
a  stream  of  hydrogen.  The  potassium  forms  a  metallic  mirror  in  the 
tube. 

Physical  Properties.— Potassium  is  a  lustrous  white  metal  of 
specific  gravity  0.S7.     It  is  soft  enough  to  be  moulded  w^ith  the 
fingers  and  welds  likc^  hot  iron  when  two  bright  surfaces  are  pressed 
together.     At  0°  it  is  hard  and  brittle,  at  62.5°  it  melts,  and  at  720° 
it  boils,  yielding  a  green  va])or.     The  vapor  density  has  not  been. 
accurat(^ly  determined,  but  is  such  as  to  indicate  that  the  molecule 
is  nionatornic.     It  may  be  obtained  in  octahedral  crj^stals  by  melt- 
ing it  in  a  tul)(»  fdled  with  coal-gas  or  hydrogen  and  as  it  cools  poiUP- 
ing  the  ^\i\\\u\  away  from  the  solidified  portion.     It  dissolves  in 
liquid  annnonia  to  a  deep-blue  solution.     Its  spectrum  "attains      J 
two  characteristic  l)right  lines,  one  in  the  red  and  the  other  ir?^      J 
violet.     These  serve  for  the  detection  of  the  merest  trace  of  potas 
siuni. 
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Chemical  Properties,— Potasi^iiiiii  is  tJie  most  eli'ctro-positivo 
and  the  most  active  of  all  the  metals  except  rubidiuiri  and  ca^Biuin. 
Jl  tarnishes  imniediately  in  moist  air,  beconiing  coveretl  first  with 
the  oxid  and  then  the  carbonate,  but  is  not  rf^adily  attacked  by  dry 
oxygen.    When  heated  it  burns  \ivtiUy  in  air  or  oxygen  with  violet 

ne,  It  bums  ako  in  earbim  dioxid,  ehlorin,  nitrogen  dioxid, 
d  vapors  of  broniin,  iodin,  and  sulfur.  It  decomposes  water  with 
such  violence  that  the  hydrogen  is  inflameil  at  once.  It  swims^  on 
the  surface  of  the  water,  becoming  finally  a  melted  globule  of  potas* 
eium  hydro3dd  which  explodes  wlien  it  is  sufficiently  cool  to  come 
in  actual  contact  with  the  water,  because  of  the  sudden  formation 
of  a  largi*  amount  of  stearn. 

PotaHsium  is  a  powerful  rethicing  agent  anfl  Is  used  m  separation 
of  such  elements  as  boron,  sihcon,  magneBium,  and  aluminum. 
Sodium  ha.^  the  same  property  and  is  more  used  becau^  it  is  cheaper 
anil  more  nianageablcs 

Illustration,— Tiie  color  of   potassium  vapor  may  be  shown  hy  heat* 
ing  a  fragment  of  t)ic  metal  in  a  tulje  through  which  a  stream  of  hydrogen 
Bing,  and  the  color  of  the  flame  is  shown  by  igniting  the  escaping 


Potassium  Alloys. — Potassium  forms  alloys  most  readily  with 
the  alkali  metals  and  mercurj^ 

Pntnsmum'Siifiwm  nlloy  is  formed  when  tlic  metals  are  melted  to- 
gether imder  i>elroleiim.  It  is  a  liquid  wlijch  rej^cmlitcM  mercurj^  and  is 
used  in  therniompters  which  ai*e  intcnd*Nl  to  rci^isti^r  high  tenii>eratures. 

PiitaNiimm  mnahjam  is  a  |>nwprful  reducing  ri^f^nt^  hut  is  not  much 
usisdi  liM  sciditnn  rtmnlg^iin  'm  chenper  and  just  a*H  efficient* 


FOTAaSIUM   COMFOUXDS, 

Potassium  is  univalent  in  all  it^  well-defined  compounds,  and  its 
solutions  contain  the  veiy  active  eolorh*(?^  elcnipnta)  inn  K',  which 
b  not  e-asily  separat^?d  as  the  inetid.  Like  swlium  it  forms  nearly  all 
the  theoretical  compomids.  It  is  still  more  strongly  ba-sic  than 
WKlium  and  is  entirely  tlpstitute  of  acid  properties.  With  the  excep- 
tion of  nibitlium  and  ctesiuni  it  makes  the  strongest  and  most  caustic 
lt.H  compounds  arf*  higldy  e-xothermic,  but  their  heat  of 
tion  is  geniTally  negative. 
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Thermal  equations  are  as  foUows: 


(K,a)     -104,3000. 

(K^r)      . 

-  95,1000. 

(KA)          -  SOAOOe. 

(K,H,0)  -108,2006. 

(K«8)       . 

-101,2000. 

(K,H,S)      -  58,600  e. 

(K,a,OJ-  95,0000. 

(K,Br,0^. 

-  84,1000. 

(K,I,OJ      - 124,600  & 

(K«8.O,)-273,800o. 

(K,AO^  • 

-344,60&o. 

(K,HAO«) -277,600  e. 

(K,N,0,)- 119,500  0. 

(K„C,0^  - 

-281,100  0. 

(K,H,G,O^-235/i00c 

Some  heats  of  sdution  are  as  follows: 

KHO  -     13,300  0. 

K^     - 

lo/noo. 

KHS      -        600e. 

KQ     -  -  4,4000. 

KOt    - 

-5,100  0. 

KI       -  -5,1000. 

KaO«-  -12,600  c 

KRiO,- 

-9,8000. 

TOO,    -  -6,800  a. 

K^«  -  -  6,4000. 

KAO,- 

11,2000. 

KEISO4-  -8,8000. 

KNO,  -  -  8,5000. 

K.00b- 

6,5000. 

KUCQi-  -5,800 «. 

Poturfniif  Hydrid,  EH.— When 

hydrogen  U 

1  passed  over  potasriam 

heated  to  360^  a  metallic,  shining,  brittle  alloy  is  obtained  which  has  the 
c(»nposition  KH.  It  takes  fire  epontaneoi»ly  in  the  air,  and  reaeti 
violently  with  water,  forming  potassium  hydroxid  and  hydrogeiL 

Potassium  Halids. — ^Potassium,  like  sodimn,  forms  typical 
halids.  Potassium  chlorid  is  the  only  one  which  occurs  native  in 
considerable  quantity.  They  may  all  be  prepared  by  neutralising 
the  haloid  acids  with  potassium  carbonate  or  hydroxid.  The 
bromid  and  iodid  are  more  advantageously  obtained  by  other 
methods.    They  are  all  highly  ionizod  in  solution. 

The  potassium  halids  are  all  white  soluble  salts  which  crystallize 
in  cubes.  They  are  usually  anhydrous,  but  hydrous  forms  may  be 
obtained  by  crystallizing  at  low  temperatures.  They  are  all  decom- 
posed by  sulfuric  acid,  yielding  the  haloid  acid 

2Ka  -I-  H,SO,  =  K,SO,  +  2Ha. 

They  form  many  double  salts  of  which  the  fluorids  seem  to  be 
the  most  common.  These  may  be  regarded  as  close  compounds 
if  we  make  the  valence  of  the  halogen  three.  Examples  are 
HF,KF=H— F=F— K; 

/F  K— F-Fv         .F 

FKBF3=K— F=F— B<^||;  2KF,SiF4=  /^\IL- 

niustration. — ^To  show  the  action  of  sulfuric  acid  upon  the  halids 
put  in  separate  test-tubes  sodium  chlorid,  potassium  bromid,  and  potas- 
sium iodid,  and  add  a  little  strong  sulfuric  acid.    The  first  tube  yidds 
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only  bydrogen  ehlorid,  the  second  hydrogen  broniid  mih  some  bromin, 
Uie  Ihird  hydrogf^n  imiiti  with  luuch  iodin*    Thm  b  because  of  the  smaller 

lit)'  f>f  liydrogini  U>v  hrointn  and  iodiii- 

potais'mm  Fluorid,  KF,  ia  doliqin^cent  and  htts  a  sharp  ta^te.  It 
tmiU'fi  with  hydrogon  iluorid  to  form  H — ^F=F^-K* 

Potafisium  Chlorid,  KCl— The  chief  source?;  of  putassium  clilorid 
arc  the  niirierala  n\jivil€,  KCl,  and  camulHte,  KCXM^^Xf^^^t^-  'V\Tiett 
the  latter  subsiiiuce  b  dissolved  m  water  the*  double  salts  dissociate 
jintl  on  evaporation  the  less  soluble  KCl  cTystallizi^  out  first. 

I'uta^ium  ch  lurid  crystallizes  in  eubes  of  specifir  gravity  L9. 
ll  fuelt^  at  7:i0°  and  is  volatile  at  red  heat.  It  has  a  coolii^g,  salbe 
taste,  sharpt^r  than  tiiat  of  srKliuni  chlorid.  One  hundred  parts  of 
ter  diss<jlve  28  parts  at  0^  and  57  parts  at  IWP,  As  the  elieapest 
t  of  potassium  it  is  the  starting-poiiit  for  the  formation  of  other 
potaKsioni  compounds. 

Potassitim  Bromldr  ICBr,  is  prepared  by  treating  potassium 
hydroxid  vriXh  hronnn:  GKHO  +  6Br  =  5KBr  +  KBHl,  +  3HaO, 
Tile  t)roini*l  and  bromate  may  b(^  separated  by  erj^statlizatit>u,  or 
i£'  }>rotTintt^  may  be  rcduccHl  by  heating  the  mixture  with  eliareoal: 

KBrO,  +  3C  =  SCO  +  KBr. 

Potiisstum  bromid  has  a  sharp,  saline  taste,  and  forms  white 
abcs  of  specific  gravity  2.4.  One  hundred  parts  water  djKsolve  53 
parts  at  0°,  %h  at  20°,  75  at  40^,  and  102  at  100°.  It  m  much  used 
in  medicine,  chieHy  as  a  sedative. 

Potassium  Iodid»  KI,  m  prepared  in  the  same  manner  as  the 
bromid.  or  by  mixing  iron  filings  and  iodin  under  water  and  adding 
potassium  carbonate.  The  ferrous  ferric  iodid  formed  at  first  ia 
decf>nip4>«t»d  by  tlie  cai'bonate 

Fe,I,  +  4KaCO,  +  4HaO  -  Fe*(HO),  -I-  4C0,  ^  SKI. 

The  ferrous  ferric  hydroxid  precipitates,  the  carbon  dioxid  escapes, 
and  the  |>o!a8»ium  iodid  remains  in  the  solution  from  which  it  is 
scjjanited  by  evaporation. 

Potassium  iodid  forms  white  cubes  of  sharp  tast4»  and  gpeeific 
gravity  2.9*  It  melts  at  634°  and  m  volatile  at  a  temperature  a 
titth'  liigber.  One  hundred  parts  of  water  dissolve  128  parts  at  0*, 
140  at  Kn  152  at  2tf ,  209  at  100°,  and  222  at  IIS^,  the  boiUng- 
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point  of  the  saturated  solution.  The  solution  dissolves  iodin  readily 
and  also  insoluble  iodids  forming  double  salts,  such  as  2KI,  Hgl,,  or 

T_  T X^ 

Hg<  i  J T^.  It  is  much  used  as  a  medicine,  especially  in  scrof- 
ula and  related  diseases. 

Potassium  Cyanid,  KCN,  is  prepared  by  saturating  hydrocyanic 
acid  with  potassium  hydroxid  or  by  strongly  heating  potassium 
ferrocyanid: 

K,Fe(CN)e  =  4KCN  +  FeC,  +  N,. 

It  is  a  white,  very  soluble  solid  of  sharp,  bitter  taste.  It  crystallizes 
from  solution  in  regular  octahedrons  and  from  fusion  in  cubes.  It 
is  unstable,  being  decomposed  by  all  the  acids,  even  carbonic,  with 
evolution  of  hydrogen  cyanid.  It  therefore  smells  of  iiydrocyanic 
acid  and  is  a  violent  poison.  It  is  used  as  a  reducing  agent  and  in 
making  the  silver  solutions  used  in  photography. 

Potassium  Cyanate,  KCNO,  or  K — O — CsX,  is  a  white  crystalline 
solid  used  in  the  preparation  of  certain  organic  compoimds. 

Potassium  Thiocyanate,  KCNS,  forms  deliquescent  prismatic  crystals 
and  is  used  as  a  refrigerant.     When  4  parts  of  water  are  added  to  5  parts 

of  the  salt  the  temperature  sinks  to  —  20°. 

Oxids  of  Potassium.— Potassium  forms  five  oxids,  K^O,  KjO, 
KoOo.  Ko^^s'  ^^z'^A'  ^^^ily  ^^i^^'  ^>f  those,  KjO,  forms  a  hydroxid,  and 
the  others  may  he  re«rar(UMl  as  radieals  or  loose  compounds  of  potas- 
sium or  oxyj^en  with  \\X).  All  but  ICO  are  unstable  and  active 
and  readily  |)ass  into  this  compound. 

Potassium  Oxid,  K.(),  is  formcnl  along  with  K,^^  when  potas- 
sium is  huHK^l  in  the  air.  If  the  mixture  be  strongh^  heated  the 
K/>^  is  (l(»eom posed  and  only  K/)  is  left.  It  may  also  be  prepared 
by  lieating  potassium  hydroxid  with  potassium: 

2KII()  +  2K  =  2K,0  +  II,. 

It  is  a  gray  brittle  solid,  very  deliquescent  and  caustic,  and  unites 
vigorously  with  water. 

When  potassium  is  melted  in  nitrogen,  and  this  gradually  replaced 
by  oxyjrrn,  it  burns  first  to  white  K^O,  and  then  to  yellow  K,0<.  The 
latter  melts  to  a  black  liquid  and  decomposes  at  white  heat.  It  is  a 
})()werful  oxidizer,  acting  vigorously  upon  sulfur  and  phosphorus  and 
the  metals  generally  and  converting  water  into  hydrogen  peroxid. 
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Fotassium  Hydroxid,  IvHO,  commonly  known  as  caustic  potmk^ 
is  obtained  by  ciis8ol%^ing  potassium  or  pota^ium  oxitl  in  water.  The 
comincrciiil  article  is  prL*pttrt^d  by  adding  lime  to  a  boiling  solution 
of  potsissium  carbonate  until  a  portion  removed  no  longer  yields  CO, 
with  acids  : 

CaHA  +  K^CO,  -  CaCOa  +  2KH0. 

ter  the  calcium  carbonate  subsides  the  clear  liquid  is  poured  off 
d  evaporated  in  iron  veasek  until  the  specific  gravity  m  1.16,  then 
in  silver  vessels  until  it  solidifies  on  cooling.  It  is  then  moulded  into 
sticks, 

Potas^sium  hydroxid  is  now  prepared  by  electrolysis  of  strong 
|K>taftflinm  chlond  solution.  The  metal  at  the  cathode  acta  with 
w^ater  to  form  KHO  and  free  H,  while  chlorin  escapes  at  the  anode: 
K',0r  +  H,0-K',HO'  +  H+CL 

Potassium  hydroxid  is  a  hard^  brittle,  whit43,  deliquescent  solid 
specific  gravity  about  2.1,  It  meltjs  below  red  heat  and  is  volatile 
ve  this  temperature.  It  diissolves  vigorously  in  water  in  all 
prt*portit»Eis  to  a  strong  caustic  solution  whose  strength  may  be 
df^ternnned  by  its  specific  gravity:  e.g.,  10  per  cent  1.08 ,  20  per  cent 
I,lfeJ,  *M\  per  cent  1:29,  40  per  cent  1.4,  50  per  cent  1.5,  and  70  per 
cent  1.9.  The  strong  solution  is  kiKj\\^i  as  jmtftsh  %r,and  the  liquor 
pot/mvr  of  the  Pharmacopa-ia  m  a  5  per  cent  solution.  Evaporated 
at  a  \<m  temix-rature,  cr>^stals  of  KHO,2H/J  are  obtained.    It  also 

difiiolvcs  readily  in  alcohol.    Ionization:  -^-  99  per  cent?  —  100 

per  cent. 

Potassium  is  the  strnngest  commercial  alkali.  It  destroys  both 
vegetable  and  animal  tissues  and  safionrfic  s  fat.  For  this  reason 
it  cannot  be  filtered  through  paper.  The  activity  of  the  solution  is 
due  to  the  free  potassium  and  hydroxyl  ions  K'  and  (H0)\  It 
di«sc.»lvei^  glass  an<l  acts  strongly  with  all  the  acids!  to  fornj  salts. 
It  iii8Si>lves  moisture  and  carbon  tlioxid  from  the  atmosphere  and 
is  never  free  from  the  cur1>onatc.  It  has  a  slippery,  soapy  feel,  and 
is  a  fjowcrful  cleansing  agent* 

The  rhief  ust*  nf  potassium  hydroxid  is  in  the  manufacture  of 
soap  which  consists  of  potassium  salts  of  the  fatty  acids,  and  is 
obtaintHJ  by  boiling  fats  with  potassium  bydroxitL  It  is  used  in 
tlie  laborator>^  as  an  alkali  and  in  organic  analysis  for  absorbing 
carbon  ilioxid.  Its  use  is  somewhat  limited  because  the  cheaper 
tcxHum  hydroxid  may  take  its  place  in  most  operations. 


tm^m 


rr  -  c-c  ?I/^.'.  -  4*'.  -  4^.0  -  Sj?.  Tz^  ^arr.ic  must  be  oaed 
r:  -  .  —    i-- :  rv^  •j:,*^  -Jj*  :r>i  j:    i?  -•::  ±^^  fr:c  '•  rrrr  siinds. 

'.  T  .  -  ■  v.  -  -  ir  V.  :  :fr^  ;.:Vi^^.  .r^  -.:!-.:■?«: ^le.  2Kp  —  H.O  -  40  » 
l-K::  ■  -  -V*.  -V  I'  i--=^A~-=s  :=.  *^i:rr  :•:  i^je  ijirixji  a^zki  hvdrosuI5d, 
i,-. :  •  >  i,  '..z  -T  rrVTr-.-.'-T."  K^r  -  H.'  »^  KH  •  —  KHS,     It  dismlres 

:.-  :  -  .  -:  -  >-  -^vrTi.  ;-^:.>-Lii=  K-S..  KJ^p  K-S^.  KjS,.  Theaeapeafl 
-  :  1-. :  --.-•i'v.r.  iT. :  rr-ay  :■=:  r^ziri-ri  i*  l:-:**  cidpcKirKi?  of  potA»- 
-;.•;.--..;  •  .  --l:-r  .r  *-  :i_:ui.::i*  _■:  r-^Li^.  *:-oh  i^  loiAs^iuzn  thio- 
-..'.*-.  K  ■"*-,.  ■■  jrr^'ji'jTii.r^  :o  K_^-V  T:.ry  all  oxi-iize  in  the  air  totlie 
or:..-.;.".-  >.-^-?:i2i  tr^o^ilfa:^,  tie  Lizi-er  •.•z«i  virh.  ^^dniion  of  sulfur, 

PotAssiua  HjdrofulSd.— V*  the  hylroxil  is  obtained  by  the  actioa 
o:  :,->'a.-.  ;.'ii  ->-»n  water,  sj  the  hyiroe-jlal  U  f'Drmed  when  potassium 
ikf*'  ir- Ti  ?iy  i,->2':n  ^-ilfli,  hyirijz^rn  being  evolved  in  both  cases: 
K  -  ll/r  =  H  -  KH.S.  Tne  <ii.»lu:ion  L*  r^iily  obtainei  by  action  of 
hyir  •:.":]  -  i!::  1  i:xj!1  prjti«^ix'n  hyirivi'l:  KHO  -  H  S  =-  H,0  *■  KHS. 

i^/.;i--.  iin  hy^lro'-ilS  i  L=  a  yello".v  -i-jlil  which  melts  at  redness  and 
fi\.'i./j-  irr.t'liiilly  in  rh*»  air  to  K-S,.  The  :?olutioa  ^soon  turns  yellow 
from  :'n-:ri.'i*;on  o:  riiirh'-r  -'ilriU,  ani  fiiLilly  become<  a  eolorieti!^  solution 
/»:'  ♦'•  '':.'.'*'  iii':iV;.     Ori  ••v;i>jr:iriun  in  vaoio  cr\--ta!s  <»f  2KHS.H.0  ^ep- 

Pota=,iium  Thiosalts.  -P  .*  !-^«:  rn  ^-Ifl.j  an-l  hy.irosulfid  combine 
V.  •;  T  •..' ,  ir/i'fi  >r,y.  ;.::  1  v.-i  v-  ;'..r:ii  rhio^ahs,  of  which  notiissium 
t:,  ..:-  .  r     •'  .   _:K.\--./»iI.O.   i-   :-i   .X.,-:.:!  -. 

pota-.Mum  Selenid,  K.S-,  i^  foriM  1  l,y  |>....t  union  of  the  elomcnt.?. 
It  .     ■    •■•    -"■■•:•■  -'•■•■^  ■■•^'•'■•■«  'l-<-^'Tiii,..^...  V.  vr  with  evolution  of  livdro- 

Potassium  Tcllund,  K.!*-,  is  a  rrv'stallin-  r-^.p^or^olorcd  solid  which 
yiri'l    liv'lp»i:*'ri  t'-llurid  with  acids. 

I'otasv'imin,  KN'H^,  is  a  vHIow  solid  obtain'-l  l,y  hoatinp  potassiiim 
in  .iniMJoniM  isn-k  It  bums  with  scintillations  anrj  decomposes  water 
KMI,   »    11,0       \ir,  4-  KHO.  ' 

Potassium  Nitrid,  K,\,  is  a  dark -preen  infiisibh*  solid  obtained  by 
imiitjon  of  iM,i..,.<;,rniri,  3K\II,  -  'JlIjX  -f  K3X. 

r()t.i--iiim  form-  nithcr  indifinitc  and  unstable  compounds  with  phos- 
plioru-.  .'ir-'iiic.  Miilimony,  nnd  bismuth,  whose  formulas  are  probably 
K,l*,  \\,\<,  K.Sb,  iuid  K3B.  They  arc  unstable  solids  which  are  violently 
ilrcompoM'd  by  WMtcr. 

Potassium  Salts.  -Potassium  is  wholly  i)asic  and  chomicallv 
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active  aiul  therefore  forms  ealts  mth  all  the  acide.  These  are  nearly 
nil  8*>lublt'  and  dissociate  m  .solution,  They  crystallize  well,  and 
nmny  of  them  are  of  great  ennimerdal  importaHce. 

Pota£siuM  HypocMoritc,  KCIO. — A  niLxtiirf  of  KO  and  KCIO  is  ob- 
^JTic<i  by  piLssing  clilorm  mt^  dilute  cold  solution  of  KHO.  This  solu- 
^n  Mtt5  formerly  used  for  bleaching  purpoiies  under  the  uame  of  can  de 
uriit^f  from  the  bleaclimg  work^  where  it  wtis  first  prepared. 

Potassium  Chlorate,  KCIO3,  may  be  preparett  by  action  of  chlorin 
K>ii  potai'sium  hydroxid :  6KH0  +  W\^  =  8H.U  +  5KCI  +  KClOj,. 
luce  only  one  sixth  of  the  potassium  h  thus  oljtaiiied  as  KClOj,  it 
h  Ijetter  to  form  first  calcium  chlorate  and  then  decompt>se  this  with 
HaHshiin  chloricL  If  ehloriii  be  passed  into  milk  of  Hme  catcinm 
l^jHichiorite  is  formed  and  this  is  converted  by  bailing  into  ealcium 
chlorate.  If  now  potassium  chlorid  Ix^  atldod,  calcium  cld<jnd  and 
>ta&sium  chlorate  are  formed,  Ca(C105)j+  2KCI  =  CaCl,  +  2X010,. 
ad  the  two  salts  are  separated  by  fractional  eiystal ligation, 

Polai^sium  chlorate  is  also  prepared  ermmercially  by  the  elec- 
>ly?tis  of  strong  hot  solution  of  potassiuni  cUorid,  KCl +311^0 

Potassium  chlorate  crystallizes  in  large  white  monoclinic  prisms, 
ten  iridescent,  haw  a  specific  gravity  2.35  and  a  cooling,  astringent 
iste.  It  melts  qnietly  at  334°  and  at  352^  evolves  oxygen  ^ith 
brwk  efFerveBcenee.  One  hundred  parts  water  dissolve  3.3  parts  at 
.  6  parts  at  IS^.  aiifl  60  parts  at  105°.  the  boiling- point  of  tlie  satu- 
ifed  sr)lution.  It  is  a  powerful  oxidissing  agent  ami  makes  explo- 
sive mixtures  with  combustibles.  This  may  be  shown  by  grinding  a 
ttle  ^vith  sulfur  in  a  mortar  or  by  igniting  a  mixture  of  sugar  and 
ke  chlorate. 
Potassium  chlorate  has  various  medicinal  uses,  but  in  large  doses 
an  irritant  pr>isnn.  It  is  extensively  used  in  the  mamifacture  of 
vgen,  matches,  and  colored  fires.  The  safety-mateh  is  tipped 
with  a  mixture  of  potassium  chlorate  and  antiniony  sulfid,  and  the 
Burfncp  upon  which  it  is  rubbed  is  sand  mixed  with  red  phosphonis. 

Pota^um    PercMorate,   KClO^j  Ifl    obtained  by  heating  i>otaBsium 
rhlorate  untO  the  liquid  be^na  to  solidify:  2KaO,  =  KOO,  +  KCl  +  O^. 
he  \^er>*  Bohible  KCl  is  die^Ived  away  and  the  KCIO,  further  purified 
cry. ''t  alii  nation.    At  400*  it  (riven  up  nil  the  oxvfren.    One  part  dia- 
tlvp8  in  70  part**  of  \\f\U*r  at  1*^  afid  in  f\  p.nrfsi  fit  100^. 

Potassium  Bromate^  KBrO,,  Potassium  Perbromate,   KBrO^,  Potassiu&i 
lodfite,   KlOa,  nnd   Potassium    Peri 0 date,  KIO^,  have  properties  similar 
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to  those  of  the  corresponding  chlorin  compounds.  Besides  the-last  there 
are  several  hydrated  periodates  and  diperiodates,  such  as  K,IO„4H^0, 
the  salt  of  the  dimeta  periodic  acid  HjIO,;  and  KJ,0,,9H,0,  the  salt 
of  the  diperiodic  acid  obtained  by  taking  5H^0  from  two  molecules  of 
the  hypothetical  orthoperiodic  acid  2H,I0,  -  5H0  «  HJ,0,. 

Potassium  Sulfites. — The  three  potassium  sulfites  may  be  prepared 
by  action  of  sulfurous  oxid  upon  potassium  chlorate.  When  the  CO, 
ceases  to  escape  the  solution  contains  the  normal  sufilte  KjSO,.  When 
the  gas  is  passed  to  saturation  the  liquid  contains  KHSOj,  and  when  a 
hot  solution  is  used  the  product  is  KjS,Oj.  The  last  is  more  stable  than 
the  corresponding  sodium  salt  and  is  used  in  photography. 

Potassium  Sulfate,  KjSO^,  occurs  native  as  a  double  sulfate  in 
kainitCj  K2S04,MgS04,MgCl2,6H20,  particularly  in  the  Stassfurt 
deposit,  and  as  polyhahte,  K2S04,MgS04,2CaS04,2H,0.  It  may  be 
prepared  from  these  minerals  or  by  the  action  of  sulfuric  acid  upon 
potassium  chloric! :  R^SO,  H-  2KC1  =  2HC1  +  KjSO^. 

Potassium  sulfate  forms  colorless  anhydrous  rhombic  crystals 
of  bitter,  salty  taste  and  specific  gravity  2.6.  It  melts  at  870°  and 
dissolves  in  10  parts  of  water.  It  is  used  as  a  purgative  medicine, 
as  a  fertilizer,  and  in  the  manufacture  of  alum  and  potassium  car- 
bonate. 

Potassium  Hydrogen  Sulfate,  KHSO4,  is  obtained  by  action  of 
sulfuric  acid  upon  nitrates,  as  in  the  laboratory  method  of  preparing 
nitric  acid.  It  forms  rhombic  crystals  of  specific  gravity  2.3,  melts 
at  2()(P.  and  dissolves  in  three  parts  of  water. 

Potassium  Alum,  Common  Alum,  IvAl(S04)2.12Il20. — Alum  is 
formed  by  th(^  direct  union  of  potassium  and  aluminum  sulfates.  It 
is  ]M'cj>an(l  from  clay  and  alum  shales  by  treating  them  first  with 
sulfuric  acid  and  then  with  potassium  sulfate. 

Ahmi  crystallizes  in  large  octahedrons,  often  showing  the  faces 
of  the  cube.  It  has  an  astringent  taste  and  dissolves  ui  100  parts 
of  wat(^r  4  ]>arts  at  0°,  12  ]xirts  at  15°,  and  357  parts  at  100°.  When 
heated  it  first  melts  in  its  water  of  er}vstallization,  then  loses  the 
water  and  becomes  a  dry  powder  called  burnt  alvm. 

Alum  has  numerous  applications  in  the  arts.  It  is  used  in  dyeing 
as  a  mordant,  in  paper-making,  in  calico-printing,  and  in  clarifying 
nniddy  waters.  It  is  a  constituent  of  many  baking-powders.  It  is 
not  whol(\some  to  man.  and  its  internal  use  is  to  be  avoided. 

Potassium  Chromic  Sulfate  (Chrome  Alum),  KCr(804)2,l 211,0, 
is  obtained  bv  reduction  of  potassium  dichromate  with  sulfurous 
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4nxid,  The  proper  amount  of  sulfuric  acid  is  added  to  a  solutioD  of 
the  dichmmate  and  the  gas  pa^ssed  through  the  iiqujd.  The  reac- 
tioo  is  as  follows: 

K^Crfij  +  HaSO,  +  3S0,  -  2KCr(S0Jj  +  H3O. 

Chrome  alum  cr>^stallizes  in  dark-purple  octahedrons  which  are 
m^l  hy  traiiyinitted  light.  It  dlikjolves  in  seven  |nirts  of  water  to 
form  a  dingy  reddish-blue  solution  which  turns  dark  green  at  70**. 
It  Is  use<:l  in  tanning,  dyeing,  and  calico-printing. 

l^oiassium  Dlsiilfate,  KySiO,^  is  obtained  by  heiiting  KHSO,  ta  fusion* 
It  crystaOiaes  in  ncedk*s  which  dissolve  in  water,  forming  wgaia  KHevU^. 
At^GCXF  it  decom|>oses  into  siyfunc  acid  nnd  sulfuric  uxid. 

Other  salts  are  sclenitt^s,  m-^enate.Sj  tellurites,  and  tell  urates. 

PotaBsium  Chromate,  K^CiO^,  is  obta,uied  by  adding  potasdum 
hydroxid  to  potassium  dichr ornate  solution: 

KjCr.O^  +  2KH0  =  H.0  +  2K2Gr(>,, 

On  evaporation  it  cr>^stallizeB  in  ^^ellow,  rliombic  pyramids  isomor- 
phous  with  potassium  sulfate  and  of  j^jK^cific  gra%ity  2.7.  One  hun- 
dred parts  of  wa!i*r  dissolve  59  parts  at  6*^,  63  at  ^fJ"*,  anil  79  at  1 W. 
Adds  convert  it  into  the  diehroniate. 

Potassium  Dichromate,  KjCr^l  )j,  is  fonned  when  acids  act  npoo 
potassium  chromaie: 

2K,Crt),  -h  H,80,  =  K3SO,  -f  H3O  +  K,CnO-. 

Commtircially  tht*  dichromate  is  prepared  as  ftjllaws:  Pulverized 
rhrc^me  iron  ciro  is  heat'ed  with  fjota^^^ium  enrboiuite  aiul  Urn**  in  a  revcr-* 
IxTut^iry  funijiee,  v^lier'eby  eakmra  ajid  |X)tassiuu*  ehmnjntes  and  inin 
irioxid  are  foniie<L  The  mass  is  extraetfd  with  hot  wiiler  and  [>oli*«?!iura 
sulfate  added  to  convert  calcium  chromate  into  [xitaAshnn  rhraiiiMt«f. 
The  dear  Holutfon,  fretnl  from  the  preripitnted  calcium  jHulfatc^  18  treated 
with  sulfuric  acid  as  in  iXhe  equation  alcove. 

Potassium  dichromate  form.?  large  red  trielinie  prisms  of  s|)ecific 
gravity  2.7.  It  melts  at  4m°  to  a  red  liquid  and  decomposers 
at  white  heat:  SK.CrjO^  -  Cr^  +  30  +  2K,CH),.  One  hundred 
part.s  of  water  di^olve  5  parts  at  0'',  29  at  40^,  102  at  im°,  am!  the 
saturated  fiolution  boils  at  IfM"^.  It  has  a  cooling,  nietallir  taste  and 
IS  a  powerful  poison.  A  geUitin  film  sat^irated  with  it  is  e^^niiitive  to 
light,  the  dichromate  being  reducetl  and  the  gelatin  Rendered  lusol- 
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uble.    Because  of  this  property  it  is  used  in  certain  photograi^ 
processes. 

Potassium  cHchromate  is  the  starting-point  for  the  formation  of 
nearly  all  the  chromium  ccfmpounds.  It  is  used  in  dyeing  and  calico- 
printing  and  as  an  oxidising  agent.  It  reacts  with  sulfuric  add, 
gi\ing  up  three  atoms  of  oxygen : 

KjCr.Oj  H-  4H^,  =  2KCr(S0,),  +  4HjO  +  30. 

The  nascent  oxj-gen  attacks  any  oxidizable  substance  which  may 
be  present. 

Potassium  TrichromAte,  K^Cr,Oio,  and  Potassium  Tetnchnnuite^ 
KjCr^Ojj,  are  red  crj'stalline  solids. 

Potassium    Chlorochromate,   KClCrO,,  or  Q>CrOj,   forms    rec- 

tangular prisms. 

Other  salts  of  ]X)tassium  belonging  here  are  molybdates,  polymdyb- 
dates,  phosphomolybdates,  tungstates,  polytungstates,  uranates,  and 
peruranates. 

Potassium  Nitrite,  KXOj,  is  obtained  by  heating  potassium  nitete 
along  with  lead,  coj>per,  or  h-on.  The  pure  salt  is  prepared  by  decom- 
posing silver  nitrate  with  fx)tassium  chlorid.  It  forms  deliquescent  cn'd- 
tals  and  oasily  oxidizes  to  the  nitrat<^.  It  is  used  in  the  separation  of 
nickel  and  cobalt  and  in  certain  orj^anic  preparations. 

Potassium  Nitrate,  KXO3,  is  called  saltpeter,  the  sal  pctrfv  of 
Geb(T,  and  filter  from  nitrK^ti,  the  ancient  name  of  soda.  It  is  a  con- 
stituent of  all  soils,  and  in  hot  climates  appears  as  an  efflorescence 
upon  the  surface.  It  is  formed  by  the  *!:radual  oxidation  of  nitrogen- 
ous or^ranic  mat t(M*s  in  the  prescMice  of  potassium  carbonate  and 
tlu*ouiz:h  th(^  action  of  certain  l)actena,  called  nitrifynig  niicrol>es. 
The  process  is  carried  on  artificially  in  niter  beds  which  are  heaps 
of  manure  an<l  animal  matters  mixed  with  wood-ashes  and  lime. 
It  is  also  prepared  by  adding  KCl  to  NaNO,  solution,  K%C1' 
+  Xa-,X()3'  =  Na-CT4-K',N(>3'.  The  salts  are  separated  by  cr}'s- 
tallization. 

Potassium  nitrate  is  anhydrous  and  dimorphous.  It  usually 
crystallizes  in  rhombic  ]>risms,  but  by  slow  evaporation  small  rhom- 
boh(Mlral  crystals  are  obtained.  It  has  specific  gravity  2.1,  melts 
at  IVM)'^,  and  has  a  coolinfr,  bittcM*,  salty  taste.  It  dissolves  in  water 
with  absorption  of  heat,  and  the  solubility  increases  rapidly  as  the 
temperature  rises.     One  hundred  parts  of  water  dissolve  13  parts 
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at  0%  31  at  20^  86  at  50^,  247  at  100^,  and  327.4  at  Ur,  the  boiling- 
point  of  the  saturaietl  solution.  It  is  unstable  and  a  powerful 
oxitlizer^  and  with  combustibles^  jnakes  txplosive  mixtures. 

Niter  is  used  as  a  medicuK%  as  a  nit^at  presc*r\^ative,  and  as  the 
oxidiajirig  agent  in  colored  fires;  but  its  chief  use  is  in  the  manufae- 
lurt'!  of  gunpowder,  wliieh,  however,  is  now^  being  replace*.!  by  the 
smokeless  powden*. 

Gunpowder. — This  'm  a  granular  mixture  of  nit^r,  charcoal j  and  sul- 
fur in  about,  the  j)ro})Qrtioa  75,  10,  and  15,  corresjxjndmg  approximately 
lo  the  following  equation,  which  may  be  taken  to  represent  the  conibuas- 
tion  of  the  powder: 

2KN0,  +  S  +  3C  -  K^  +  3C0,  +  2N. 

The  reaction,  however,  m  much  more  complete,  and  several  other  com* 
poumb  are  formed.  The  volume  of  the  carlK>n  diojtid  and  nitrogen  at 
tP  IS  about  280  time^j  and  at  the  temiKTature  of  the  explosion,  ^vhich 
may  lie  2000^,  about  2000  times  the  volume  of  the  powdei'.  The  pres^ 
ure  within  the  gun  may  reach  6000  atmospheres. 

potassium  forms  the  usual  salts  with  phosphorus,  arsenic,  and  anti* 
Diony^  and  tfiere  are  vanadates,  columbate.^,  and  tantaiates. 

Fotassium  Carbonatet  K3CO5*  commonly  know^n  as  potmh,  is 
obtainefl  from  various  sources: 

1.  Wmd'Oshcs^^Vntil  reoently  this  was  the  chief  source  of 
potash.  The  solution  obtained  by  leaching  the  ashes  is  e^^aporated 
in  iron  pots,  hence  the  nanib  potashes.  The  residue  contains  also 
the  chlorid,  sulfate,  and  hydroxid,  besides  some  sodium  compounds, 
Pemt-^tiih  is  a  purer  product,  obtained  by  si>parating  during  the 
evaporation  the  lea*^  soluble  substances  which  cr>^stalHze  first. 

2.  B<rt-rQot  mdasBea, — ^The  molasses  left  from  the  beet  sugar  is 
rich  in  potasli.  TJua  is  fennent^d,  evaporated,  Ignited,  and  ejc* 
tractecl  with  water, 

3.  Stn'ti/.— Cheeps'  wool  is  covered  with  an  organic  potassium 
salt  derived  from  the  perspiration,  and  called  suinlf  which  goes  into 
«*olution  when  the  wool  is  washed.  The  w^ashings  are  evaporated, 
ignited,  and  exti*acted  with  water, 

4»  Potfis»nim  suJptli\—Th\ii  is  reduced  with  carbon,  as  in  the  Le 
Blanc  process  for  soda.  The  sidfati?  is  obtained  from  the  native 
coinpoimd  e»r  by  treating  other  salts,  especially  the  chlorid,  with 

EC  acid.    Tlie  supply  comes  mainly  from  the  Stassfurt  beds 
»m  the  sulfate  produced  m  a  by-product  in  certain  manu- 
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factures.  The  chemically  pure  salt  is  best  obtained  by  igniting  the 
pure  acid  carbonate. 

Potassium  carbonate  is  a  white  deliquescent  solid  or  powder, 
caustic  and  alkaline  because  of  the  hydrolysis  which  liberates  the 
hydroxyl  ion.  It  melts  at  830°  and  is  volatile  at  red  heat.  It 
crystallizes  in  monoclinic  prisms  with  one  and  a  half  molecules  of 
water.  One  hundred  parts  of  water  dissolve  90  parts  at  0®,  112  at 
20°,  140  at  80°,  and  205  at  135°,  the  boiling-point  of  the  saturated 
solution. 

Potassium  carbonate  is  used  in  the  manufacture  of  soap  and 
crystal  or  Bohemian  glass  and  in  the  preparation  of  other  com- 
pounds of  potassium. 

Potassium  Hydrogen  Carbonate,  KHCO,,  known  as  bicarbonate 
of  potashy  is  easily  obtained  in  monoclinic  crystaL?  by  passing  carbon 
dioxid  through  potassium  carbonate  solution  It  has  a  saline  taste 
and  faint  alkaline  reaction  and  dissolves  in  3  parts  of  water.  The 
salt  decomposes  at  110°  and  the  solution  on  evaporation.  The  equa- 
tion 2KHCO3  -  K2CO3  -f  HjO  +  CO3  is  reversible  and  follows  the 
phase  law. 

Potassium  Fluosilicate,  KjSiFg,  is  formed  by  the  action  of  fluosilicic 
acid  upon  a  pota.ssium  salt.     It  is  a  white  powder  soluble  in  water. 

Otli(T  compounds  that  belong  here  are  potassium  fluogermanat'C, 
stannate,  fluostannate,  plumbate,  titanate,  fluotitanate,  fluozh-conate, 
fluothorate. 

Potassium  Silicates.— .Silicic  oxid  and  potassium  carbonate  melt  to- 
gether in  all  i)roi)ortions  to  form  a  glassy  mass,  which  dissolves  in  water 
to  a  viscid,  transparent  liquid  calked  potasmun  water-glass.  It  has  not 
a  definite  composition,  but  no  doubt  contains  various  potassium  silicates. 
It  is  used  in  cott()n-|)rinting,  color-fixing,  and  in  fireproofing  combustibles. 

Potassium  Metaborate,  KBO,,  is  obtained  by  fusing  together  boric 
acid  and  |)c)tassium  carbonate.     It  forms  monoclinic  prisms. 

Potassium  Tetraborate,  K,R,07,r)H20,  is  obtained  by  adding  potas- 
sium hydroxid  io  solution  of  boric  acid.  It  crystallizes  in  hexagonal 
prisms  and  may  be  called  j)otnsh  borax. 

Potassium  Alumina te,  K,A1,0,,.3H20,  is  obtained  by  fusing  together 
in  a  silver  dish  aluminum  oxid  and  potassium  hydroxid. 

RUBIDIUM. 

Symbol  Rb.  Atomic  weight  S5.4.  Valence  I.  Specific  gra\nty  1.52. 
Meltin«j:-|)oint  38.5°. 

Occurrence.— Rubidium  is  very  widely  distributed,  but  in  exceedingly 
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RUBIDIUM  *  COMPOUNDS, 


minute  qviantitk-s.  It  is  found  in  sea  and  minera!  wiiters,  aoil  in  certain 
minerals,  as  kpidolite,  porphorite,  and  caraallite.  Burtsen  e%-aporalecl 
40  torn  of  tlie  DilrkJieiin  water  to  obtain  enough  lor  the  investigation 
of  il^  properties. 

History.— Rubidium  was  discovered  by  Bunsen*  in  ISOl,  by  means 
of  t  iie  spi^ctroacope.  He  named  it  ruhvjhim  {rtd}^  referring  lo  it^  8i>ec- 
truiti,  which  contains  two  brtgiit  line^  in  the  extreme  red* 

Prepajation,-— Hubidium  is  prepared  by  distilling  a  mLxture  of   the 

hydroxid  with  magnei^ium  or  by  reducing  tlie  carbonate,  as  in  the  prep- 

lO  of   potjissium.     The  mixture  of   carlxin  and  caHjonate  is  ob- 

I         1  by  igniting  rubidium  tartrate.    The  chief  source  of  the  metal  is 

residual  liquids  from  the  manufacture  of  the  lit  Ilium  and  potassium 
[njMUnd^* 

Properties. ^Rubidium  is  a  soft  silver- white  metal  of  specific  grayity 

^52»     It  melts  at  38,5  and  passes  at  red  lieat  to  a  blue  vapor.     Like 

iM>ta,s?iiuin  it  forms  an  explosive  compound  witli  CO.     It  inflames  spon* 

trifi^^iusly  in  the  air  antl  decomposes  water  with  violence.     In  it4?i  prop- 

IiK't?  and  compounds  it  closely  resembles  scKlium  and  E>otassium. 
Rubidium  is  verj-  active^  and  if  the  material  were  sufficiently  abim- 
Ltit  all  the  compound.s  could  j>0E5sibiy  be  prepared  which  corrcr^fmnd  to 
oHt*  of  pfitassium  and  Imodium.  It  is  the  mos^t  strongly  basic  and  moist 
tive  of  all  the  metals  except  esesium,  lu  valence  is  one,  but  it  seema 
form  tri  and  penta  halids, 

Rijbidium  Hydrid,  libH,  forms  in  colorless  needles  on  beating  Rb 
with  1!  to  miP 

Rubidium  Halids. — The  halids  of  rubidium  closely  resemble  those 
of  f>ota-^?ium.    They  form  nnmerou??  doul>le  halids  with  one  another, 

Krith  other  metals,  and  mth  the  hdoid  acids. 
Rubidmm  Oiid,  RbjO,  is  a  w^liite  jmwder  obtained  by  burning  rubi- 
ium. 

HubidLum  Hjdroxid,  RbHO,  is  prepared  by  dissolving  the  oxid  in 
w&ter,  or,  lietter^  by  adding  i>arium  hydrnxid  to  a  snhition  of  rubidium 
aulfate.  It  is  a  white  deliquescent  solid,  more  caustic  than  potassium 
hydroxcd. 

Rubidium  Salts. — ^Rubidium  forms  salts  with  all  the  aeifls.  They 
ar*^  tr**ne rally  soluble,  and  crystallize  well  usually  with  wat-er  of  crj'Stal- 
|:  They  are  chemical  curiosities  and  none  of  them  of  commer* 

Symbol  Ce.    Atomic  weight  133*    Valence  I.    Specific  gravity  l*88w 
tltlng-fjoint  26*^. 
Ocearrence,— Ciesium  occurs  along  with  rubidium,  and,  like  it,  is  very 
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widdy  distributed,  thouf^  in  much  smaller  quantity.  It  ia^found  in  aea 
and  mineral  waters  and  in  the  aahes  of  tobacco,  tea,  coffee,  and  certain 
woods.    The  rare  mineral  poUueUi  ccmtains  d4  per  cent  of  csaium  ozid. 

Hiitofy. — ^Bunaen,  in  1860,  discovered  ossium  in  the  Driikheim 
wat^B.  It  was  the  first  element  discovered  by  means  of  the  spectro- 
scope. Bunsen  named  it  couium  {Uwif!  referring  to  the  fact  that  the 
spectrum  contains  two  bright  lines  in  the  blue. 

Rceparatioii. — CSfiBsium  is  obtained  by  electroljrsis  of  a  mixture  of 
qesium  cyanid  and  barium  cyanid,  or  by  reducing  the  hydnndd  or 
carbonate  with  magnesium  in  a  current  of  hydrogen. 

RropertlM.— The  properties  of  cssmm  agree  in  the  main  with  those 
of  rubidium.  Its  exceeding  rarity  has  prevented  the  thiHt>u|^  investi- 
gation of  its  compounds;  It  is  a  soft  white  metal  of  specific  gravity  1.88, 
mdts  at  26^  and  is  more  volatile  than  rubidium.  It  inflames  spcmtane- 
ously  in  the  air  and  decc»nposes  water  with  explosive  vklmoe.  It  is 
the  most  dectro  positive  and  the  most  active  of  ail  the  metals. 

CJESnJU  COMPOUNDS. 

The  csesium  compounds  are  exactly  analagous  to  those  of  rubidium 
and  need  not  be  described. 

AMMONHTM  (NH^)'. 

The  ammonium  radical  has  already  been  treated  in  the  chapter 
on  the  nitrogen  group  and  its  compounds  have  been  described  in 
connection  with  the  elements  or  acids  with  which  it  combines.  It 
remains  only  to  call  attention  here  to  its  close  relationship  with  the 
alkali  metals. 


CHAPTER  XXXVII. 
GROUP  IB.    THE  CUPROIDS.    THE  COPPER  GROUP. 

Copper  ft3.6.   Silver  108.    Gadolinium  156.    Gold  197. 

These  "elements  are  markedly  different  from  the  potassoids. 
They  are  much  less  positive,  are  scarcely  alkaline,  do  not  oxidize 
readily,  and  do  not  decompose  water.  Gold  is  even  negative  and 
forms  aurates.  They  are  strikingly  similar  to  the  metals  of  Group 
VIII,  which  they  respectively  follow.  The  usual  gradation  in  physi- 
cal properties  is  seen.  In  specific  gravity,  fusibility,  malleability, 
ductility,  tenacity,  and  hardness  silver  is  intermediate  between  cop- 
per and  gold.  As  the  atomic  weight  increases  the  hardness,  tenac- 
ity, and  chemical  activity  diminish,  and  the  fusibility,  malleability, 
ductility,  and  electric  conductivity  increase.  Chemically,  they  are 
not  very  active,  gold  least  so.  Copper,  silver,  and  gold  occur  free  in 
nature,  and  hence  have  been  known  from  the  earliest  times.  They 
are  the  metals  (together  with  nickel)  universally  used  for  coinage. 
While  the  valence  of  the  group  is  1,  copper  acts  also  as  a  dyad,  and 
gold  as  a  triad. 

Gadolinium  is  a  rare  and  recently  discovered  element  which  is 
provisionally  placed  between  silver  and  gold. 

COPPER. 

Symbol  Cu.  Atomic  weight  63.6.  Valence  I  and  II.  Specific  gravity 
8.95.    Melting-pomt  1057°. 

Occurrence. — Copper  occurs  free  in  nature,  particularly  where  it 
has  been  liberated  by  volcanic  agencies.  Large  deposits  of  this 
character  are  found  in  the  vicinity  of  Lake  Superior.  It  is  usually 
massive,  but  sometimes  in  octahedral  crystals.  Combined  copper 
is  abundant  and  widely  distributed. 

The  principal  ores  of  copper  are  cuprite  or  red  copper  orCj  CujO; 
mdaconUe  or  black  copper  ore,  CuO;   ckalcociie  or  copper  glance, 
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CujS;  covcUite  or  indigo  coppery  CuS;  clialcopyrite  or  copper  pyrites, 
CiiFcSj;  erubescitCy  CusFeSj;  malachite,  CuC03,Cu(HO)2,  and  azurite, 
2CuC()3,Cu(HO)2. 

Rich  copper  mines  are  found  in  Michigan,  Tennessee,  California, 
Arizona,  Montana,  Colorado,  New  Mexico,  Mexico,  and  various 
parts  of  the  Old  World. 

History. — Copper  was  used  by  the  earliest  men.  It  is  men- 
tioned in  the  Bible,  was  called  chalcos  by  the  Greeks  and  aes  by  the 
Romans.  The  latter  word  meant  also  bronze  or  brass,  and  to  dis- 
tinguish them  copper  was  called  aes  cyprum,  because  it  came  from  the 
isle  of  Cyprus.  Thus  arose  the  name  cuprum,  from  which  the  symbol 
of  the  element  is  taken.  Copper  was  one  of  the  seven  ancient  metals 
and  was  sacred  to  Venus. 

Preparation. — For  the  pre[)aration  of  copper  there  are  three 
principal  methods:  (1)  Reduction;  (2)  Chemical  displacement;  and 
(3)  Electrolysis. 

1.  /?rf/wd /'on.— Copper  is  obtained  from  the  oxids  and  carbonates 
by  the  simple  reduction  process  of  heating  with  carbon: 

CU2O  -f  C  =  CO  +  Cuj. 

From  the  mixed  ores  containing  sulfur  the  metal  is  not  so  easily  ex- 
Irartcd,  In  this  caso  the  oro  is  first  roasted  in  the  air  to  partially  oxidize 
the  siiilid.  It  is  next  fus(»d,  with  addition  of  siiicious  matter  if  necessary, 
wherehy  th(^  iron  is  oxidized  and  cop|)er  sulfid  reformed: 

CiuO  -h  FeS  =Cu,S  -f  FeO. 

The  iron  oxid  unites  to  the  silica  to  form  a  fusible  silicate  which  runs 
awMV,  leavinj]:  a  mixture  of  cuj^rous  and  ferrous  sulfids  called  coarse  ?netal, 
which  contains  1^0  to  'M)  |)er  cent  of  copper.  This  is  again  partially  oxi- 
dized hy  roast in<r,  and  airain  fused  with  silicious  flux  to  remove  iron  until 
a  resi<hi(^  is  ol)tained  of  nearly  jnire  cuprous  sulfid  called  fine  metal,  and 
containing  GO  to  7.')  pvr  cent  of  cop])er.  This  is  partially  oxidized  by 
roasting  and  then  reduced  by  heating: 

2Cu,0  +  Cu,S  =  8O2  +  Cu,. 

The  copper  thus  obtained  is  called  blister  copper,  and  is  refined  by 
roasting  to  oxidize  impurities,  and  then  heating  with  carbon  to  reduce 
any  copper  that  may  have  become  oxidized. 

2.  Chemical  flisplacemrnt. — Cojiper  is  obtained  in  the  wet  way 
from  ores  poor  in  the  metal,  and  especially  from  the  burnt  pyrite 
residue  of  the  sulfuric  acid  manufacture,  which  contains  about  3  per 
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cant  of  copper.  The  material  niay  be  treat^Hl  in  either  of  two 
ways:  (1)  It  is  calcined  with  common  salt  to  fonn  copper  chlorid. 
This  ia  di^ewjlvod  out  and  the  copper  diBplared  with  scrap  iron. 
(2)  The  finely  divide*!  and  moistened  ore  is  allowed  to  oxidiy,e  in 
contact  with  the  air.  The  ferric  Bulfate  formed  carries;  the  copper 
with  it  into  solution  and  the  separation  is  again  made  with  scrap 
iron. 

3*  Electro! tf sis, — Pure  copper  is  best  obtained  by  electrolytic 
depomtion.  Commercial  copper  in  large  plates  is  made  the  anofle 
in  a  bath  of  copper  sulfate,  while  the  (^athtxle  is  a  thin  sheet  of  c€*p- 
per  foiL  T!ie  metal  is  transferred  frfHn  the  anode  to  the  cathode  by 
strong  electric  current,  Metalhe  impurities?,  such  as  silver,  gold, 
timony,  tin,  bismuth^  fall  at  the  anode;  arsenic  goes  partly 
int-o  solution  and  is  removed  from  time  to  time  by  boiling  as  ferric 
arsenate* 

Physical  Properties, — Copper  is  a  moderately  hartl.  lustrous 
meta!  of  a  peculiar  color  known  as  copper-red.  It  is  quite  malleable 
and  duetile  and  has  a  tenacity  considerably  below  that  of  iron.  Its 
malleability  and  ductility  are  greatly  diminished  by  admix  lure 
with  other  metals.  When  heated  nearly  to  the  meiting-point  it  ia 
brittle  and  may  be  powderecK  It  melts  at  1057\  anil  fiistils  in  the 
electric  arc.  yiehling  a  green  vapor.  When  bqmd  it  absorbs  gases 
which  it  gives  out  on  conling,  with  spilting.  The  specific  gravity  of 
electrolytic  copper  is  8,94-5  and  of  hatmtiered  copper  S.95.  Copper 
is  a  eootl  conductor  of  heat  and  the  liest  conductor  of  electricity 
;er  silver, 

Chemical  Properties-^^opper  is  quite  permanent  in  ilty  air, 
but  in  intiiyt  air  It  becrmics  covered  with  a  greenish  coating  of  basic 
copper  carbonate  (verdegrii^).  When  heated  it  oxidizes  rapidly, 
forming  surface  scales  of  a  naixture  of  cuprous  and  cupric  oxids. 
It  diAsolvps  in  nitric  acitl  to  copper  nitrate,  with  evolution  of  oxids 
of  nitrogen.  Cold  suHurie  and  hydrochloric  acids  do  not  attack  it, 
but  when  heated  the  former  gives  cop j>er  sulfate  and  sulfnrous  oxid, 
and  the  latter  cuprous  chlorid  and  hydrogen.  It  dissolves  in  am« 
njonia,  in  the  presence  of  the  air,  to  a  blue  solution.  It  unites  di* 
rectly  to  elili>rin,  and,  when  heated,  to  sulfur.  In  the  presence  of  air 
it  is  attaeketi  by  various  food  materials,  and  hence  is  not  suitable  for 
coo k  i  1 1  g-u  t ei  isi  Is*     I  ts  sal  ts  arc  ]  k  liso  ri  ou  8 ,  but  rare  1  y  prod  u  ce  f  lea  t  h . 

Uses.— Copper  is  extensively  used  as  wire  for  conducting  the 
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electric  current,  as  sheet  copper,  as  material  for  coins  and  electro- 
type plates,  and  in  alloys,  the  chief  of  which  is  brass. 

The  consumption  of  copper  has  greatly  increased  in  the  last  fe\f 
years  because  of  the  large  quantity  used  in  electric  appliances.  The 
copper  mines  of  the  West,  particularly  those  of  Arizona  and  Colorado, 
have  added  greatly  to  the  wealth  of  our  country.  Copper  is  worth 
about  15  cents  a  pound. 

Alloys  of  Copper. — No  alloys  are  more  important  than  those  of 
copper.  They  are  valuable  on  account  of  their  hardness,  toughness, 
malleability,  ductility,  gold-like  color  and  luster,  and  capability  of 
taking  fine  polish.  The  principal  combinations  are  with  zinc,  tin 
lead,  iron,  aluminum,  nickel,  silver,  and  gold.  With  zinc  it  forms 
bras««,  muntz  metal,  and  tombac;  w^th  tin,  bronze,  beU  metal,  and 
mirror  bronze;  with  tin  and  zinc,  statue  bronze,  coin  bronze,  imita- 
tion gold,  and  Talmigold;  with  iron  and  zinc,  delta  metal;  with 
aluminum,  aluminum  bronze ;  with  tin,  zinc,  and  phosphorus,  phos- 
phor bronze;  with  nickel,  coin;  with  silver,  coin  and  silver  plate; 
with  iron,  sheets  coated  on  one  or  both  sides  with  copper. 

A  few  examples  are  given  to  show  the  relative  amounts  of  the 
metals  in  various  alloys: 


Copper. 

87 

84 

Zinc. 

34 
13 
10 

Tin.    1 
6 

Copper. 

Zinc. 

Tin. 

Brn^s 

Muntz  metal. .  . 
(iun  metal.. . . , 
U.  S.  coin 

75 
90 
95 

25 
2 

Tombac 

10 

Bronze 

8 

Tlir  above  j^roportions  may  generally  he  varied  within  large  limits. 
Otli(T  copper  alloys  are  mentioned  elsewhere. 

Electro  typing. — If  a  sheet  of  zinc  is  suspended  in  a  solution  of 
coj^per  sulfate,  it  pn^scntly  becomes  covered  wAih  copper.  If  the 
eUn'trodcs  of  a  batter\'  are  placed  in  the  solution  and  a  current 
pas.s(Ml,  tho  copper  is  deposited  upon  the  cathode  or  negative  elec- 
trode. If  both  electrodes  are  made  of  copper,  the  metal  is  gradually 
transferred  from  the  anode  to  the  cathode.  The  copper  thus  depos- 
ited 's  film  and  compact  and  the  process  is  called  topper-^flating ox 
circfrofi/ping.  If  the  object  to  be  covered  is  not  a  conductor,  it  is 
MKi<l(^  one  by  being  dusted  over  with  a  thin  layer  of  graphite.  The 
'  position  is  continued  until  the  sheet  of  copper  Is  thick  enough  to 
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bear  handling,  On  tbe  mould  or  negative  thus  obtained  another 
c^posit  is  niaiie  which  is  a  copy  of  the  object.  It  is  in  this  way  that 
apper  copies  of  statues,  wood-cuts,  etc.,  are  made* 


COPPER   COMPOUNDS, 

Copper  h  chemically  rather  active  and  forfns  numerous  com- 
pounds.    It  is  usually  bivalent,  havin|^  its  closest  relationship  with 
^nc  instead  of  the  alkali  metals,  and  in  solution  the  t^lerrientary  ion 
t  Cu*\  usually  blue.     It  acts  also  mth  an  apparent  valence  I,  but 
\ie  univalent  ion  Cu*  is  not  separable  and  cuprous  oxid  dissolves 
acids  to  cupric  salts.     The  formulas  are  therefore  usually  writ* 
m  so  as  to  contain  two  atoms  of  copf>cr  connected  together^  as 
^CLj  or  CI— Cu— Cu— CI,  and  CujO  or  Cu  —  Cu. 

\o/ 

Tlie  therm iii  t^juatlons  for  a  few  of  the  copper  compoonds  are: 

lCu,aj  -  ol.fiCHJcal.     (CUjA)  ^  65,700  cal.     (Cu,SA)  =  182,000  cal. 
(Cu,0)    -  37,20<J  eal.     (Cu,,0)    --  40,800  cal     (CUj,S)      -    iS,300  c^. 

Copper  Halids.— Copper  forms  cuprous  and  eupric  halid^'i  which 

ive  the  general  properties  of  copper  salts. 

Cwprou*  Fluorid,  Cu,Fj,  m  a  red  powder  formed  by  action  of  hydro- 
fiuoric  aaid  in>oii  cuprie  hydroxld. 

Cupric  Fluorid,  CuF^,  is  a  hlue  ciystaliino  solid  obtained  by  dissolving 
fcuprourt  oxid  in    hv«lTofluoric  acid.    At   100*^  it  yields    tfio   oxylluorid 
"CuF(TIO). 

Cui^rous  Chlorid,  Cu^Cl,,  is  prepared  by  action  of  hydrochloric 
[ud  upon  t'Upric  chlorid  in  the  presence  of  finely  divi<led  copper. 
The  nast*eni  hydrogen  formed  by  action  of  copper  upon  hydrogen 
chlorid  reduces  the  cuprie  to  cuprous  chlorid.  On  jKiiinng  the  solu- 
Jticio  into  water  the  cuprous  chlorid  separates  as  a  white  crystalline 
cipitate  (tetrahedrons). 

(Cuprous  chlorid  melts  at  430**  and  volatilizes  at  about  1000°. 

[i  h  insoluble  in  water,  soluble  in  hydroc*hloric  acid,  aroraonia,  and 

Jkali  chlorids.    In  moist  air  it  turns  green,  changing  to  CuCl(OII), 

len  heated  in  the  air,  it  oxidizes  to  cmprom  oxyMorid,  CujCl^O, 

rluch  in  turn  is  decomposed  at  400^,  giving  off  the  cvxygen*    This 

rtion  has  been  used  for  the  preparation  of  oxygen. 

Cuprie  Chlorid,  CuCl^,  is  obtained!  hy  heating  copper  in  ehlorin, 

or  by  dissolving  it  in  aqua  regm,  or  by  dissolving  cuprie  oxid.  car- 
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bonate  or  hydroxid  in  hydrochloric  acid.  It  is  a  dark,  yellowish- 
brown  deli(iiiescent  solid  with  a  caustic,  metallic  taste.  It  dis- 
solves in  water  to  a  green  solution,  from  which  it  crj'stallizes  in 
rhombic  prisms  of  CuCl2,2H20.  The  dilute  solution  is  blue,  be- 
cause of  the  blue  copper  ion.  It  is  also  soluble  in  alcohol  and 
ether.  When  heated  it  dissociates  into  cuprous  chlorid  and  chlorin. 
It  absorbs  ammonia,  forming  three  or  more  definite  compounds. 

Several  oxychlorids  result  from  the  action  of  chlorin  compoimds 
upon  copper  in  the  presence  oi  water  and  oxygen.  The  most  im- 
portant is  Cu2Cl(HO)3,  which  occurs  native  in  ChUi  and  Peru  as  the 
mineral  aiacmniic  and  comes  in  commerce  as  Brunswick  green. 

Cuprous  Bromid,  Cu-Br,,  is  a  brown  crystalline  solid  obtained  by 
heating  copper  with  bromm. 

Cupric  Bromid,  Culkj?  is  a  deliquescent,  c^}^stalline  solid  which  sep- 
arates from  solution  of  cupric  oxid  in  hydrobromic  acid. 

Cuprous  lodid,  CuJ,?  ^^  ^  white  crystalline  powder  obtained  by  heat- 
ing copper  with  iodin  or  hydriodic  acid,  or  by  action  of  potassiuin  iodid 
upon  a  cupric  salt. 

Cuprous  Cyanid,  Cu2(CX)2,  is  a  white  solid  obtained  by  heating  cupric 
cyanid  or  by  action  of  potassium  cyanid  upon  cupric  chlorid. 

Cupric  Cyanid,  CufCX),,  is  thro^^^l  dowTi  as  a  red  precipitate  when 
potassium  cyanid  solution  is  added  to  solution  of  copper  sulfate. 

Cuprous  Thiocyanate,  ru,(SCX)2,  is  a  white  solid  obtained  by  action 
of  ferrous  sulfate  upon  cupric  thiocyanate. 

Cupric  Thiocyanate,  C'u(8CX),,  falls  as  a  black  precipitate  when  potas- 
sium thiocyanat<^  is  added  to  coj)per  sulfate  solution. 

Cuprous  Oxid,  Cu^O,  occurs  native  as  cuprite  or  red  copper  ore 

in  octaluM irons  and  massive.  It  may  be  prepared  by  melting  to- 
gether ciijmnis  chlorid  and  sodium  carbonate  and  dissolving  away 
the  sodium  chlorid: 

Cu,CU  +  Xa,C03  =  2XaCl  +  CO3  +  Cu,0. 

It  is  ]>recipitate<l  by  the  reducino;  action  of  grape-sugar  upon  alka- 
line copper  solutions.  This  action  is  used  for  the  detection  and 
determination  of  siitrar,  particularly  in  urinalysis. 

Cuprous  oxid  is  a  red  powder  insoluble  in  water,  soluble  in  acids. 
It  fuses  at  red  heat  and  imparts  a  ruby-red  color  to  glass. 

Cuprous  Hydroxid,  Cuo(IT())2,  is  formed  by  reduction  of  alka- 
line co])per  solution  in  the  cold  or  by  action  of  alkali  hydroxids  and 
carbonates  upon  cuprous  chlorid.     It  is  a  yellow  powder  which 
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dissolves  in  ammonia  to  a  colorless  liqiiid  which  soon  turns  blue 
from  formation  of  ciipric  compounds, 

Cupric  Oxid)  CuU,  occurs  native  as  meloronile  ma^ive  or  in 
black  orthorhombic  crystals.  It  is  prepared  by  burning  copper 
in  air  or  ox\^;i;en  nr  by  igniting  the  nitrate,  carbonate,  or  hydroxide 
It  is  a  black  powder  iitsoluble  in  w^ater,  soluble  in  acids.  It  is  easily 
reduced  by  carbon,  hydrogen,  or  organic  matters^  and  hence  is  a 
good  oxidizing  agent.  It  is  commonly  used  as  such  in  organic 
anah^sis. 

Cupric  Hydroxid,  CuCHO)^,  falls  as  a  pale-blue  precipitate  when 
alkali  hyriroxids  are  added  to  solutions  of  cupric  salts.  At  100°  it 
loses  water  and  becomes  cupric  oxid.  It  dissrilves  in  acids  to 
enpric  salts  and  in  ammonia  to  a  bhie  scjlution  which  dissolves  ed- 
lulose  {wood-fibre,  cotton,  etc.)  and  contahis  the  ion  Cn{NH|)4*\ 

Cuprous  Sulfidi  CujS,  occurs  native  as  chalcodte  or  copper  gkmce 
massive  and  in  gray  orthorhombic  prisms  of  specific  gravity  5.6.  It 
is  formed  when  sulfur  is  heated  with  ct»pi>er  in  excess.  It  cnmbin<*s 
with  iron  siilfid  in  several  proportions^  occurring  thus  in  the  minerals 
chatmpyrik,  QiFeS,,  and  hamii€,  CuFeS^. 

Cupric  Sulfid,  CuS*  occurs  native  as  coveUUe  or  indigo  copper  in 
blue  hexagonal  cr^^stals.  It  is  prepared  by  heating  copper  witfi 
sulfur  iu  excess.  It  falls  as  a  lilack  precipitate  when  hydrogen  sulfid 
is  added  to  a  cupric  solution.  This  precipitate  oxidizes  easily  on 
exposure^  to  air  or  heat. 

Cuprous  Seleajd^  C^j8e,  occurs  native  in  berzelmnik  and  m  a  con- 
etkuent   of  eucairiie,  (CuAg)jSej   craoksile^   (CUjTlAg)2Se,  and  zttrgite^ 

Copper  and  th«  ITitroids, — Copper  forma  alloys  or  indefinite  com- 
|>ounds  with  nitrogen^  phosipborus,  and  arsenk,  Tlie  compoimds  CU|N„ 
CUiP^,  and  CujP  are  described.  C'oppcr  and  arsenic  enter  together  into 
the  compo^itton  of  a  number  of  minerals,  and  the  elements  melt  together 
in  various  proportions. 

Copper  C^5id  or  Copper  Acetylidf  Vu^C^f  is  obtiiined  by  treating 
alJailine  atjiution  of  cuprous  oxid  with  acetylene  gas.  When  freahly  prf> 
pared  and  dried  in  vacuo  it  is  highly  explosive.  On  exposure  to  fiie  air 
it  pfllJ^neri^e3  and  becomes  more  stable. 

Copper  SUiddp  Cu^Si,  m  prepared  by  fusing;  copper  with  silicon  In  the 
dcetxic  fumiLCP.    It  is  a  i*rj*irtalljne  Bolid  of  specilic  gravity  6,9, 

Copper  Salts, — Cuprous  salta  are  not  numerous,  Rince  they  are 
tmatable  and  easily  pa^  to  cupric  forma* 
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^Anhydrous  cupric  salts  are  yellow  or  colorless,  while  the  hydrous 
forms  are  generally  green  or  blue.  The  normal  salts  are  soluble  in 
water,  the  basic  salts  insoluble.  All  are  poisonous.  They  combine 
with  ammonia  to  form  various  peculiar  compounds.  Double  salts 
are  also  quite  common. 

Cuprous  Sulfite,  CusSO^H^O,  separates  in  red  rectangular  prisms 
when  sulfurous  oxid  is  passed  thrqugh  a  mixture  of  water  and  ammonium 
cuprous  sulfite. 

Ammonium  Cuprous  Sulfite,  (NHJ^SO^Cu^O,,  falls  in  coloriess 
scales  when  ammonium  sulfite  and  copper  sulfate  are  mixed. 

Cupric  Sulfate,  CuS04,5H20,  is  the  common  salt  known  as  W«« 
viirwl  or  simply  copper  suljate.  It  occurs  to  a  limited  extent  in 
nature  as  the  result  of  the  oxidation  of  copper  pyrites,  and  is  pre- 
pared on  a  large  scale  from  this  mineral.  It  may  be  obtained  by 
dissolving  copper  in  sulfuric  acid.  It  is  also  a  secondary  product  of 
the  refining  of  silver. 

Copper  sulfate  forms  large  blue  triclinic  cr3rstals  which  are 
slightly  efflorescent  and  dissolve  in  water,  one  part  to  three  at  10^ 
and  two  parts  to  one  at  100°.  It  loses  four  molecules  of  its  water 
at  100°  and  the  remaining  molecule  at  250°.  The  anhydrous  salt  is 
colorless,  but  absorbs  moisture  rapidly,  becoming  hydrous  and  blue. 
At  red  lK\at  it  separates  into  SOj^O  and  CuO.  It  forms  double  salts 
with  the  alkali  metals  which  crystallize  with  6H2O  and  are  isomor- 
j)hous  witli  tho  double  magnesium  sulfates. 

Copper  sulfate*  is  the  most  important  of  all  the  copper  compounds. 
It  is  uscmI  in  calico-printing,  in  electroplating,  in  the  manufacture 
of  c()p[)(»r  pigments,  in  galvanic  batteries,  as  a  preservative  of  wood, 
and  as  a  fungicide. 

Several  basic  cop])er  sulfates  are  known, of  which  O^  /?0j 

\Cu— 0/ 
may  be  taken  as  an  example. 

Cuprammonium  Sulfates. — When  alcohol  is  added  to  a  solution 
of  copper  sulfate  in  strong  anmionia,  blue  crystals  of  Cu804,4NH5, 
ILO  separate.  At  150°  this  salt  gives  off  its  water  and  2NH5  and 
leaves   CuS()4,2NH3,  which    is    supposed    to    have    the    structure 

(lis  /!>0<.    Other  copper  salts  act  in  a  similar  way. 
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Copper  Nitrate,  Cii{NOj)26HjO,  is  prepared  by  dissolving  coppet- 
or  copper  oxid  in  dilute  nitric  acid  and  evaporating.  It  fomis  blue^ 
prisma  fir  iirj^stals^  which  melt  at  2B°»  losing  311^0,  and  at  a  higher 
tt'm|>erature  decompose.  It  is  deliqueacent,  ver>^  stilubk',  and  a 
j>tivvi>rfiil  oxidizer.     It  is  u»ed  in  dyeing  and  calico-print ingi 

Copper  Pbospbate,  ClliCPO^JaSHjO,  falls  m  a  bliiijsli-green  powder 
when  u  cop|>er  solution  is  tJ*eateil  witli  phosphoric  acid  or  sodtuio  pho^ 
phate. 

There  are  several  basic  copper  phosphates  which  occur  nativCj  as 
Uheihmit€,V0,{CuOl\)CM,  and  phmphochakitr,  PO,{CuOH),. 

Copper  ArscnitCt  t^iHAsOj ,  falls  as  a  green  precipitate  when  pot  as- 
siiiiti  or  sodhiai  ar-^nite  \^  added  to  a  copper  solution.  It  is  imed  m  a 
pi^^Dient  under  tlie  name  of  Schet'ie^»  ^en,  Paris  (^e^n  is  a  mixed 
arsenite  and  acetate  of  copper. 

Copper  Aisen&te,  Cu,(AsOJ  3,211^0,  is  obtained  as  a  blue  pow^der  by 
jhcatitig  copper  nitrate  with  caJeioin  arsenute,  Sevt?nil  b^isic  arsenatca 
ccur  TiativCj  i**^  oiirrnitt^  Cu(CijOH)A^O^,  and  dimtclanfiie,  A.sO/CuOH)j, 

Copper  Carbonates. — Neu trill  copper  carbonate  hn^i  not  been  pre- 
pared. S(*veral  bat^ic  carbonates  are  kiiowHj  two  of  uhjch  occur  native 
tind  are  of  special  interest. 

Matar.hiti\  VO^\C\i01l)^,  found  in  the  Altai  and  Ural  Mounta^ine^,  is 
of  a  b**autjful  variegaled  green  color,  takes  a  fine  poli;^h,  and  funrishefi 
material  for  works  of  ornament  and  art  (table  tt^ps,  va^^es,  etc).  The 
comjKJund  may  be  prepared  artificially  by  treating  a  warm  cop[>er  solu- 
tion with  an  alkah  carbonate.  It  is  this  mibstance  wlueh  forms  on 
copper  articles,  pttrticularly  in  the  presence  of  grea^se^  and  is  kno^Ti  aa 

AmTit€,  0<p^^_q3(;[J^jjp  occurs  in  a;5iire-blue  crystals  and  masses. 

It  is  usefl  a5  an  nrnament  and  as  a  pigment. 

Copper  Silicates. — Two  silicates  of  copper  occur  in  nature:  dinptam^ 
CuHjSiO^,  in  emerald-green  crj^stals,  and  chrynmoihf  CuH,8i04,HiO,  in 
blue»  botryoidal  masses. 

SILVER. 

Symbol  ,\g.  Atomic  weight  108,  Vaknii©  L  Specific  gravnty  10.56. 
Mclting-ivoirit  954^.    Specific  heat  0.057* 

Occurrence.— Sil%'er  occurs  native  in  considerable  quantity.  In 
the  nauseujo  at  Copenhagen  is  a  mass  found  in  Non\ay  which  weiglis 
5011  |Kiunds,  an*!  st  ill  larger  masses  have  been  found  hi  Peni,  Native 
silver  usually  contains  gold  and  sometimes  copper  and  other  metals. 

The  coninion  ores  of  Bilver  aj'o  argt-ntite  or  ailvcr  glance,  Ag^; 
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pyrargyrite  or  rvhy  silver  ore,  AgjSbSj;  proiistite,  Ag^AsS^;  jtolyba- 
site,  AgjSbSe;  stromeyerite,  AgCuS;  horn  silver,  AgCl;  silver  bromU, 
AgBr;  silver  iodid,Agl;  and  AeJisi^e,  AgjTe. 

Silver  is  also  found  in  native  gold  and  in  many  ores  of  other 
metals,*  notably  in  galena,  PbS,  which  is  one  of  the  chirf  sources  of 
silver. 

History. — Silver  was  known  to  the  ancients,  and  has  always  been 
used  for  coins  and  for  articles  of  ornament.  The  name  silver  is  a 
modification  of  the  Anglo-Saxon  word  seolfer.  The  Romans  called 
it  argentufHy  from  its  Greek  name  arguros,  which  means  shining,  and 
from  this  the  symbol  is  taKen.  Silver  was  assigned  to  the  moon  by 
the  alchemists  and  was  called  Luna  and  also  Diana, 

Preparation. — Silver  chlorid  is  decomposed  by  iron,  lead,  or 

mercur}\     Silver  sulfid  is  converted  into  the  chlorid  by  roasting 

with  sodium  chlorid.    Silver  is  displaced  from  its  solutions  by  zinc, 

iron,  copper,  mercury,  and  lead.    The  separated  silver  may  be  taken 

.  up  with  mercur\^  and  then  freed  from  it  by  distillation. 

Refining  of  Silver. — All  silver  obtained  from  nativd  ores,  as  well 
as  commercial  silver,  contains  other  metals,  especially  lead,- copper, 
gold,  and  platinum.  From  lead  and  copper  it  is  separated  by 
cupdlation,  and  form  ^old  and  platinum  by  parting.  In  cupellatiou 
the  alloy  is  lioated  ^vith  free  access  of  air,  in  a  cupel,  a  vessel  made 
of  bone-ash.  Tlie  oxids  of  load  and  copper  arc  partly  volatilized 
and  partly  absorbed  by  the  bono-ash  and  the  silver-gold-platinuin 
alloy  HMnains  as  a  button  on  the  cupel.  In  parting,  the  button, 
which  must  contain  about  two  parts  of  silver  to  one  of  gold,  is 
rolled  into  a  thin  sheet  and  treated  with  nitric  or  sulfuric  acid. 
The  silver  dissolves,  leaving  the  gold  and  platinum,  and  is  displaced 
from  the  solution  with  iron  or  copper. 

For  the  furtJKn'  purification  of  the  silver  there  are  two  processes, 
one  chcMuical  and  the  other  electrolytic.  In  the  first  the  last  opera- 
tion mentioned  above  is  repeated  and  the  precipitated  silver  washed 
and  melte(l  into  bars.  In  the  electrolytic  method  plates  of  silver 
are  made  the  anodes  in  nitric  acid  solution  of  silver  nitrate  contain- 
in<!:  a  little  coj^per  nitrate  to  make  it  a  better  conductor.  The 
cathode  is  a  thin  sheet  of  silver.  When  the  current  is  passed,  the 
metal  is  transferred  from  anode  to  cathode  and  deposited  m  large 
crystals  of  pure  silver,  which  are  continually  removed  to  prevent 
short  currents. 
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Metallurgj  of  Silver. — Thp-Tf  are  variouii  processes  of  obtiimiiig  silver 
(pom  itB  ore^,  but  they  may  all  be  uidud(?d  under  three  bt*-»ils:  {1}  The 
atnalgamiition  i>ro<?ess;  (2)  the  lead  proe^ss;  (3)  the  wet  proce??^-s, 

Thv  ainal*/n malum  prot'css, — Iii  this  prtK!e.ss  tlje  grountl  ore^,  wliicii 
Lave  \>eim  roiu^tcd  with  or  \^'JthtJUt  salt,  are  tn:*ait^d  with  mereury*  The 
siivcr  liiti  alga  ill  i^  strained  tJi  rough  canvaiji  or  eh:miois-skin  bags  to  re- 
move the  excess  of  mercun^  and  then  distilled, 

Tht  lead  process. — The  lead  proce^  is  used  when  the  ores  contain 
both  silvtT  and  lead-  The  alloy  of  le^ad  and  silver  obtained  by  reducing 
or  .smelting  the  ore^  is  eu{jel]ed.  If  the  alloy  m  not  rich  in  silver,  it  m 
concentrated  by  the  PaUinmm  proci:^.^  or  the  Parkvs  pnftvjis.  In  the  first 
the  aUoy  m  melted  and  cooled.  Lead,  havini?  a  higher  melting-point 
tbiin  the  alio}",  solidifies  first  and  is  removed  ai  faat  ii5  the  crj'stiilis  form. 
By  repeating  tJie  operation  a  rich  alloy  la  obtaim^d  which  is  then  cupelled. 
In  the  Parkas  process  zinc  Ls  added  to  the  fui^e<1  metnh  The  zine  take.^ 
the  silver  J  and  the  zine^v^ilver  alloy  rising  to  the  toji  Aolidifiesi  hrst  and 
is  removed.  This  mixture  of  zine^  silver,  and  lead  is  liiprntal;  that  is, 
heated  until  the  lead  melts  antl  Hows  tiway  fruni  the  les^s  fusible  zine- 
eilver  tilJ<fy.  The  residue  is  distilled  to  remove  zinc  and  cupelled  to  re* 
move  lead. 

77**?  wd  procejisr^. — In  the  ZUrmgel  pnttt^sn  the  sul  fur-eon  taining 
ortnH  are  rc^^isted  until  most  of  the  biiijer  metab  are  oxidized^  the  silver 
sullate  is  dis^nlvetl  out  \vith  water  and  the  silver  preeijiitated  with  eop- 
per.  In  the  Pvn-tj-Pakra  procem  the  ore  i.^  roasted  with  salt,  the  silver 
clilorid  dissolved  out  with  sodium  tliiosulfatej  the  silver  sulfid  precipi- 
tated with  soditmi  or  calcium  sul^dj  and  reduced  by  roasting  in  a  rever- 
beratinry  fumaec. 

Physical  Properties, — Silver  is  a  white  lustrous  metal  somewhat 
harder  than  g^old,  but  softer  than  copper.  It  is  quite  nialleabk%  and 
%''ery  ductile  and  tenaeinus.  Thin  leaves  transmit  a  bluish-green 
light.  It  tueltfr  at  954°  and  distik  in  the  oxyhydrogen  flame  or 
elect ritJ  arc,  yielding  a  green  vapor.  Fused  silver  diasidxTS  twenty 
times  its  volume  of  oxygen  and  on  cooling  emits  it  with  spitiing, 
Silver  has  specific  gravity  when  cast*  lt).42,  wiien  hammered  or  dis- 
tilled 10.57,     It  is  the  best  conductor  of  heat  and  eteatrieity* 

Be&ide*^  the  ordinary  metallie  silver  there  are  two  other  forms, 
pn>l>ui>ly  allotroj>eSj  called  molecular  sihxr  and  colloidal  silver^ 

Molecular  silver  is  obtained  as  a  verj^  fine  powder  by  reducing 
f I '  "  *  n  eijiitated  i^ilver  chlorid  with  formaldehyde  in  the  presence 
fit  ^  ijui  carlxmate. 

Colloidal  silver  is  obtained  by  heating  to  100^  silver  citrate  in  a 
sinsarn  of  hy  drug  en  or  by  passing  an  electric  current  between  silver 
eleetnides  hi  water.     It  dLs^iiolves  in  water  to  a  ret]  solution  which 
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does  Dot  dialy^e.  A  gold-eolared  modification  may  also  be  ob- 
tained. Both  tlieee  forms  are  converted  into  ordinarj^  silver  by 
fusion. 

Chemical  Propertiest — Silver  is  unchanged  in  pure  air,  but  tar- 
nishes quickly  in  the  presence  of  hydrogen  suliid  from  fomiatirjn  of 
silver  sulfitL  For  the  same  reason  it  is  blackened  by  substaiires 
containing  sulfur  compounds  such  as  mustard  and  eggs.  It  is  not 
attacked  by  alkalis,  but  unites  directly  to  the  halogens.  It  di^i»hi's 
in  nitric  acid  and  hot  sulfuric  acid,  forming  the  nitrate  and  sulfate, 
with  reactions  similar  to  tho^e  of  copper :    * 


3Ag  +  4HNO3 

2Ag  +  2H^80, 


3AgN0,  +  NO  +  2Hp. 

Ag,80,   +  SO3  4-  2H2O. 


Sliver  Alloys. — Silver  alloys  readily  with  many  metals,  kh 
genie,  antimony^  bismuth,  tin,  and  Hinc  render  it  brittle.  With 
lead,  copper,  ahmilnum,  gold,  and  platinum  it  forms  perfect  aUo)-s 
\%i  ahno5t  all  proportions.  The  copper-silver  alloy  is  the  one  must 
iised.  It  melts  at  a  t-empcrature  below  the  melting-point  of  copper 
or  silver,  is  hard^  malleable,  and  ductile,  and  has  the  color  and 
luster  of  the  predominating  metal. 

Uses. — Pure  silv^er  is  used  in  certain  analytical  cheuxical  process^, 
in  assay! ug,  and  in  the  manufacture  of  crucibles.  Impure  siher 
and  copper-silver  alloys  are  used  for  a  multitude  of  purposes.  The' 
silver  coin  of  the  UnitM  States  contains  9  parts  of  silver  to  one  of 
c^pl>er;  that  of  England  ha^  925  silver  to  75  copper.  Sterling  silver 
has  the  composition  of  English  coin.  The  silver  of  tableware,  jew- 
elry, and  works  of  art  varies  in  fineness  from  750  to  9^5C)  parts  in  lfK)0* 
Alloys  liigh  in  copper  may  be  whitened  as  follows:  The  metal  is 
heated  to  oxitlize  the  surface  copper,  then  treated  with  acid  to  dis- 
solve away  the  copper  oxid.  This  leaves  a  rough  surface  called 
frostt^d  siher.  Under  polish,  the  surface  assumes  the  color  and  lus- 
ter of  pui-e  silver. 

The  price  of  silver  varies  with  the  supply,  and  within  a  few  yeam 
has  so  fallen  that  it  is  no  longer  a  standard  of  mone}^  value.  It  m 
worth  now  (U)i)4)  54  cents  an  ounce,  or  42  cents  to  tlie  dollar.  The 
silver  doUar  weighs  412,5  grains  and  contains  371,25  grains  jnm 
silver. 

Molecular  silver  is  chemically  more  active  than  ordinart-^  silwr 
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and  is  used  in  the  synthesis  of  certain  organic  compoimds* 
loldal  silver  finds  application  in  surgery. 

Silver-plating  and  SilYering* — Silver  is  much  used  as  a  covering 
for  other  lactals  and  as  a  coating  for  backs  of  niirrors.  If  the  coat 
IS  thick  it  is  called  silver-plating;  if  thin,  mlvmng.  The  process  is 
condocted  in  \  aritiUH  way>). 

In  silver-plating  of  copper  the  clean  plates  of  clipper  and  sil- 
ver are  laid  together,  brought  near  to  the  melting-point  and  passed 
between  rollers. 

In  elec^tro-pkting  a  bath  of  potas^um  silver  cyanid  is  used.  The 
object  to  be  plated  \b  made  the  cathode  and  the  anode  is  a  phite  of 

rjjlver. 
In  hot  silvering  the  surface  of  the  metal  is  covered  viixh,  silver 
amalgam  and  then  heated  to  drive  off  the  mercury. 
Iti  cold  or  dry  siJ  veriog  a  mLxtore  of  sUver  chlorid*  sorliiim  chlorid| 
potdJih,  and  chalk  is  rubbed  upon  the  surface  of  the  metal  until 
the  silver  coating  is  of  sufficient  thickness.  Other  mixtures  are  also 
used. 

In  wet  silvering  the  metallic  object  is  dipped  into  a  silver  solution 
obtained  in  various  ways.  A  good  solution  for  small  objects  like 
pins  and  buttons  is  sodium  chlorid,  isiher  chlorid,  and  cream  of  tartar. 
Glaas  is  silvered  by  dipping  it,  well  cleaned,  in  an  ammoniacal 
solution  of  silver  nitrate  to  which  has  been-  added  caustic  soda  ajid 
some  reducing  agent,  its  rochelle  salts,  milk-sugar,  aldehyde  am- 
monia, etc.  In  a  few  minutes  the  glass  is  covered  with  a  continuous 
unirorm  and  highly  polished  coating  of  precipitated  silver.  The 
roat  is  %'aroished  to  make  it  permanent.  This  method  of  making 
mirrors  is  replacing  the  tin-amalgam  method. 

SILYEB   COMPOUKDS. 

Silver  is  less  active  than  copper,  but  etill  forms  numerous  com- 
pounds. It  unites  readily  mih  many  organic  ratlicals.  It  is  wholly 
pos  1 1  i  ve  a  nd  u  ni  valen  t ,  y  iel  d  ing  bu  t  one  el  em  en  t  a  r>Mon .  A  g  \  M  any 
of  it*  compounds  are  decomposed  by  heat,  leaving  metallic  silver. 
A  few  are  volatile,  like  sth^er  chlorid. 

Some  of  the  thermal  equations  are  as  follows: 

;,a)  -  29,4t)0cflJ.      (Ag.Br)  -  22,700  caL       (Ag,I)       «  13,800  eal. 
(Ag„0)  =    S^^Weal.      (A^,,S)   -    3,300  eaL       ( Ag,N  A)  -  ^-^,700  cal. 
(Ag,^,OJ  -  167,300  ciiU  (Ag,,Cp,  =  122,900  cab 
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Silver  Halids.  — Silver  possesses  a  strong  affinity  for  the  halo- 
gens and  the  halogen-like  radicals,  and  forms  compounds  with  them 
which  are  decomposed  by  light,  with  deposition  of  silver.  There  are 
many  double  halids,  like  AgK(CX)2. 

Silver  Fluorid,  AgF,  is  obtained  by  dissolving  silver  oxid  or  carbonate 
in  hydrofluoric  acid.  It  crj'stallizcs  with  one  or  two  molecules  of  ^"ater, 
from  which  it  cannot-be  wholly  freed.  It  absorbs  drj'  ammonia  in  large 
quantity. 

Silver  Chlorid,  AgCl,  occurs  native  in  octahedral  crystals  of 
cerargyritc,  also  in  wax-like  masses  of  milky  or  gray  color,  caDed 
horn  silver.  It  is  formed  by  action  of  chlorin  or  chlorids  upon  silwr 
and  most  silver  comix)unds.  It  is  a  white  amorphous  solid  of 
sjK'cific  gravity  5.5.  It  turns  yellow  when  heated,  melts  at  480°, 
and  becomes  vapor  at  red  heat.  It  is  insoluble  in  water  and  acids, 
but  dissolves  in  ammonia,  in  soluble  chlorids  and  cyanids,  and  in 
p(;tassium  tliiosulfate.  It  darkens  on  exposure  to  light,  from  sepa- 
ration of  silver,  and  is  reduced  by  metals  and  reducing  agents.  It 
cr}'stallizos  from  solution  in  ammonia  as  2AgCl,3XH3. 

Silver  Bromid,  AgHr,  is  foimd  in  Mexico  and  Chili  as  bromar- 
cjyritr  ov  (jrviH  sUnr.  It  is  thrown  down  by  bromids  from  silver 
solutions  as  a  y(»llow  precipitate.  It  melts  easily  to  a  red  liquid  and 
(Icconiposrs  at  a  hi<rher  toinperaturo.  It  is  insoluble  in  water  and 
aci«ls  ami  slightly  solul)k'  in  ammonia  aiid  thiosulfates.  It  is  ven* 
scnsitivt'  to  VVfihi  and  is  the  chief  substance  used  in  dr^'-plate  phcn 
toijraphy. 

Silver  Bromchlorid,  Ag.HK'l,  occurs  in  Chili  and  Mexico  as  the  min- 
eral  tUlhnliU. 

Silver  lodid,  Aiil,  is  found  in  Mexico.  Chili,  Spain,  and  Arizona 
as  the  mineral  iodanji/ritr.  It  is  fonned  by  direct  union  or  by  action 
of  soluble  iotiitls  on  silver  solutions.  It  is  a  yellow  solid  which  has 
sjH'cific  .u:ravity  5.7,  and  merits  at  dull-red  heat.  It  is  insoluble  in 
watcT  and  most  acids.  It  dissolves  in  hydricKlic  acid  and  in  strong 
solution  of  potassium  iodid  to  fonn  the  double  salts  HAgl,  and 
KA<rL,  which  separate  in  colorless  cr^'stals.  It  is  scarcely  soluble 
in  ammonia,  a  j^roperty  which  serves  for  its  separation  from  the 
other  silver  halids.  It  is  more  stable  than  the  chlorid  or  bromid 
and  less  sensitive  to  light. 

Silver  Cyanid,  AgCX.  is  precipitated  from  silver  solutions  by 
soluble  cyanids  as  a  white  curdy  solid.     It  dissolves  in  ammonia 
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and  alkaline  c^yaiiids  to  form  double  salts  such  as  potassium  miver 
cyanidf  IiAg(CN)j^  which  h  used  in  electro  eilver-plating, 

StlYcr  Cyanit«,  AgOCXp  and  Silver  Salphoey^nite,  AgBCN,  are  white 
solkU  b«>lubli}  In  ammonia. 

Pbotagraphyp — ^The  science  and  art  of  photography  are  based 
upon  the  sen-^itivenesg  of  .silver  halids  to  light.  The  process  is  essen- 
tiallv  as  follows: 


^»ini 


1.  A  filtii  b  fomied  on  a  glass  plate  by  co%'enng  it  with  coHodioo  eon- 
nmg  (liloi'tU  arid  bromid  of  copjx^r  or  tadmium.    This  i^  rendered 

ilive  by  diiiping  it  In  a  solution  of  silver  nitrate,  whereby  silver 
lorid  and  bromid  are  formed  in  the  tilm. 

2.  The  sensitive  \AaU\  from  whieli  li^ht  must  be  carefully  excluded, 
i-  '  if)  the  cainor;i  and  ex[}<jsed  to  the  image  of  the  object  to  be 
J  I  .  ni'd.  The  hfiht  decompo^e^  the  clilorid  and  bromid  of  silver 
in  propt^ri ion  to  ttB  iuten.Hity. 

3.  The  plate,  upon  whicli  no  ima^e  \s  yet  visible,  m  immersed  in  the 
**  developrr/'  i tonally  a  solution  ol  ferrous  sulfate  or  pyrogallic  acid, 
TliU  cause^i  a  farther  deeomyHijsiiion  of  the  liabdi^  and  t!ie  deposition  of 
twci^illic  silver^  which  brioj^s  nut  tirdev plops  the  (lieture* 

4.  When  tbi^  development  ha^  rfachrHl  tin?  projHT  sta^re  the  plate  is 
iounefrtcd  in  t\  soli^on  of  sodium  thiosuHitc,  conmionly  calleil  **hyi3o/* 
which  dissolv<*s  awify  the  unclianged  halids  and  '* fixes"  the  picture  or 
makes  it  pcrmarjf*nt. 

5.  TIif?  pirture  thus  obtained  m  a  "negative'';  that  is,  the  parts  are 
reversrtl  afid  I  he  lights  are  where  the  sbndeis  are  in  the  original*  The 
**pciMitive"  picture  Ls  miide  by  placing  the  negative  over  a  sheet  of  jsen- 
hittzed  pa|ier  and  exposing  it  to  the  light  and  then  developing  and  fixing 
HA  above, 

0.  This  picture  has  an  ugly  broivn  tint  and  to  make  it  more  plca/sing 
it  i.H  '*  toned/*  Before  fixing,  the  picture  is  dipped  in  a  solution  of  gold 
chlorid,  whereby  a  bttle  gold  i!5  pree  i  pit  titer  1  along  with  the  silver,  which 
oauHc^  the  color  to  roniflin  pray  or  bluish  after  fixing. 

7,  The  shct^t  of  paper  is  then  dried  and  mounted  on  cardboard* 

Silver  Oxid,  Ag^O*  is  obtained  by  heating  silver  in  oxj'gen  to 

HOfT  undcT  a  pressure  of  15  atmospheres.  It  is  also  obtained  not 
quit**  anhydrous  by  gently  heating  the  bydroxid.  It  h  a  brown 
|K>w<ler  of  spe(*ific  gravity  about  8.  It  decomposes  at  26()°  and  is  a 
powerful  oxidizer.  It  disst^lves  in  ainmonia,  and  the  solution  dt^ 
|>o8it^  un!=tnble  black  cn'stak  of  a  substance  which  is  probably 
silver  amid,  AgNH^.    <This  i^  Bertliollet'a  fulminating  silver. 
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SUver  Hydroxid,  AgHO,  falls  as  a  white  precipitate  when  ako- 
holic  potash  is  added  to  alcoholic  solution  of  silver  nitrate  at  —  ¥f. 
When  precipitated  Bj,  ordinary  temperature  it  is  gray  or  brown 
from  formation  of  silver  oxid.     It  dissolves  in  much  water  to  a 

colorless  alkaline  solution. 

Silver  Perozidi  AgsO^,  is  obtamed  by  action  of  oione  upon 
moist  silver  or  by  electrolysis  of  silver  ablutions.  It  forms  Uadk 
octaliedral  crystals  which  lose  oxygen  when  gently  warmed.  It  ft 
a  more  powerful  oxidizer  than  silver  oxid  and  detonates  with  sulfur 
or  phosphorus.  It  dissolves  in  nitric  acid  to  a  powerful  mridiiing 
solution. 

Silver  Solfd,  A^,  occurs  native  as  asrgenJtiU  or  «tZ«er  ffbi^ee  in 
regular  octahedrons  of  gray  color.  It  is  formed  by  direct  union  or  by 
action  of  soluble  sulfids  upon  silver  or  silver  solutions.  This  is  the 
cause  of  the  blackening  of  silverware  in  air  containing  hydrogen 
sulfid  or  in  sidfur-bearing  foods,  like  eggs  and  mustard.  Silver 
articles  are  often  purposely  darkened  in  this  way,  and  this  is  caDed 
oxidized  silver.  Silver  sulfid  is  insoluble  in  water  and  AmTn«ni||^  but 
dissolves  in  nitric  acid. 

Silver  Persulfid,  ^^g^n  has  been  obtained  as  a  blaSc  amorphous  pow> 
(iiT  by  adding  a  solution  of  silver  nitrate  in  benzonitril  to  a  solution  of 
Hulfur  in  carbon  disulfid. 

Silver  Selenid,  Ag/>e,  and  Silver  Tellurid,  Ag,Te,  occur  along  with 
the  Hulfids  of  silver  and  other  metals  in  a  number  of  minerals. 

Silver  Nitrid  or  Silver  Hydrazoate,  AgN,,  ia  the  silver  salt  of  hydra- 
zoic  acid,  IIN3.  It  resembles  silver  chlorid,  may  be  melted  if  carefully 
heated,  and  is  fearfully  explosive. 

Silver  Salts. — v^ilver  salts  are  all  more  or  less  imstable,  being 
especially  sensitive  to  light  rich  in  actinic  raj's.  They  yield  ^vith 
alkali  hydroxids  AgjO,  with  alkali  cyanids  the  ion  Ag(CN),',  with 
ammonium  hydroxid  Ag(NH3)2',  with  thiosulfates  AgSSO,*. 

Silver  Chlorite,  AgCIOj,  crystalline  powder  obtained  by  action  of  an 
alkaline  chlorite  upon  silver  nitrate. 

Silver  Chlorate,  AgClO,,  white  quadratic  prisms  of  specific  gravity 
4.43,  obtained  by  dissolving  silver  oxid  in  chloric  acid. 

Silver  Bromate,  AgBrOj,  efflorescent  needles. 

Silver  lodate,  AglO,,  raonoclinic  crystals. 

Silver  Sulfite,  Ag^SO,,  is  precipitated  from  silver  solutions  by  nd* 
furous  acid  as  a  white,  unstable  solid. 
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Silver  Sulfate ,  Agjil'lO^j  b  prepared  by  dissulving  silver  iii  hut 
Bolfurit!  acid  and  e^-aporating.  It  forms  shinmg  rhombic  crystals 
of  spei*ific  gravity  5-4.  It  is  the  coiiLiiioa  iiiteriTiediati:  }jrnduet  hi 
silver  refiuiiig.  It  unites  with  akiininum  sulfate  to  fonii  sikcr  alunif 
AgAl(80;),,I2H,0, 

SUver  ThloBulfiie,  Ag^SjO^^  m  a  i^hitc  unstable  powder  of  gwcet  taste, 
ined  by  action  of  sodium  thio&ulfate  in  excess  upon  silver  nitrate. 

Sodium  Silver  Thiosulfate,  NaAgSjOj^  silky  scaler. 

Silver  ChromaU,  Ag,^CrO^,  i^  formed  by  action  of  potJissium  chr ornate 
upon  silver  nitrate.  It  hs  a  reel  crystal ine  |iowiier  insoluble  in  water , 
eoLuble  in  nitimoniaj  oitric  acirJ^  and  alkali  ehrcmmtjes. 

Silver  Dichromate,  Ag^Cr^Oj^  scarlet  crjatuJs,  obtiiined  by  adding 
potasiinm  dU-liroroate  to  sUver  soUitions. 

S0Ter  HypoDi trite,  AgNO,  falls  ba  a  yellow  precipitate  when  an  ethe- 
real E^ohirion  of  liyponitrous  acid  is  added  to  a  solution  of  silver  nitrate 
containing  sodium  acetate. 

Stiver  Nitrite,  AgNOj^  is  a  white  crj'stalline  p(]jwder  obtained  by  mix- 
ing warm  solutions  of  silver  nitrate  and  scidium  nitxit*?  or  l>y  boiling  a 
mixture  of  silver  nitrate  and  pcswdered  silver.  It  forms  large  white 
fliombt '  pris^m«. 

Sflver  Nitrate,  AgNOj,  is  prepared  by  dissolving  sih^er  in  nitric 
acid  and  evaporating.  It  forms  large  colorless  rhombic  fMbms  of 
specific  gravity  4.33.  It  is  quite  soluble,  100  part^  of  water  thssolv- 
ing  colfl  122  parts,  boiling  1110  parts.  It  is  less  soluble  u\  aleohnl. 
The  solution  blackens  the  skiri  and  other  organic  matters,  the  salt 
being  reduced  with  separation  of  metallic  silver.  It  melts  at  200"^ 
and  cools  to  the  ery^stalline  solid,  usually  mouldfHl  into  sticks,  callt^d 
lunar  eauMic.  It  dissociates  at  red  heat.  It  has  a  metallic  taste 
and  acts  as  a  pois^m. 

Silver  nitrate  is  the  most  used  of  all  the  silver  salts.  It  is  em- 
ployed in  the  laborator}'  for  separating  and  determining  the  halo- 
j^eits*,  in  surgery  as  a  cautery^  in  photography,  and  in  the  nianufac- 
tare  of  marking-inks. 

Silver  Phosphates. — There  are  several  silver  phosphates,  of  which  the 
it  ant  iire  mh'rr  orthffphmphate,  Ag,PO,,  yellow  solid:    mtmo- 
vT  phosphate^  HAfr,POj»  white  cr^-stala;  fiUver  pifrophttapfHti^f 
JV  ^t  wiiiti^  fihrt*uj4  solid;  sUvrr  mHuphospfmlr^  ApPO,,  white  solid. 
Silver  Areenite,  Ag^AsOj,  m  a  eanarj-ycllovv  powder 
Silver  AnetiJile,  Ag^AfiO,,  dark-brimTi  cnf-stals, 
S ^  *^  -stiver  vanadates  ha%'e  been  prcpu.n?d. 
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Silver  Carbonate,  Ag^CO,,  is  obtained  by  action  of  alkali  carbonates 
upon  silver  solutions.  It  forms  pale-yellow  needles  which  darken  in  the 
light  and  melt  at  200°. 

Silver  Silicates. — Yellow  silver  silicates  of  varying  composition  are 
formed  when  silver  and  silicic  oxid  or  silicates  are  fused  together. 

GADOLINIUM. 

Symbol  Gd.  Atomic  weight  156.  Valence  I. 
Gadolinium  was  discovered  by  Marignac  in  1880,  and  was  named  for 
the  Swedish  chemist  ( Jadolin,  who  first  described  the  mineral  gadolinite. 
Its  vah^nce  is  III.  and  its  compx)imds  resemble  those  of  yttrium,  lantha- 
num, and  cerium.  It  is  provisionally  placed  with  the  cuproids.  Among 
it^  compounds  which  have  peen  prei)ared  are  the  oxid,  hydroxid,  halids, 
double  halids,  nitrate,  sulfate,  selenate,  vanadate. 

GOLD. 

S>Tnhol  Au.  Atomic  weight  196.  Valence  I  and  XXL  Specific  grav- 
ity 19.33.     Mehing-point  1075°.     Specific  heat  0.0298.  , 

Occurrence. — Gold  occurs  free  in  nature  chiefly  in  quartz-veina 
and  on  the  bod-rock  of  streams  ancient  and  modem.  It  is  also 
found  intiinatoly  mixed  with  iron  and  copper  pjTites,  with  ores  of 
lead  and  silver,  and  alloyed  with  the  platinum  metals  and  mercury. 
It  is  found  in  minute  quantities  in  sea-water  and  in  the  rocks  gen- 
erally. 

(lold  is  eomhined  in  the  minerals  pctzitc  (AuAg)2Te,  ^ylvanitCj 
(AuA<]:)Te3.  and  calanritc,  AuTe^. 

(lold  is  widely  dislrihutcMl  and  has  been  worked  shiee  the  earliest 
times.  Many  of  tlu*  European  mines  are  now  abandoned  because 
of  the  (liseoverv  of  ricluM'  fields  elsewhere.  The  chief  localities  now 
are  Australia,  South  Africa,  t^iheria,  Alaska,  Mexico,  Brazil,  British 
Columbia,  North  Carolina,  (le()r<xia,  California,  Colorado,  Oregon, 
and  th(^  States  •x^'uerally  we.st  of  the  Kocky  Mountaims. 

History. — Ciold  has  been  known  since  man  began  to  make  his- 
tory. Its  native  oconrreiiee,  its  beauty  and  luster,  its  rarity,  and 
its  unaltera])ility  have  caused  it  in  all  ages  to  take  the  first  place 
amonfr  metals — to  be  indeed,  as  it  has  been  called,  rex  jnctallonim. 
It  is  UKMitioned  in  tlie  Hil)le  and  in  the  earlier  writings  of  all  nations, 
lis  nam(\^  in  Hebrew  (zahah),  (Ireek  (chnisos),  and  San.scrit  (hiranifo) 
all  nu^an  to  (fliftrr  or  slu'fir.  The  Knglish  name  is  probably  from  the 
Sanscrit  joal,  which  means  to  shine.     It  was  comiected  with  the 
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sun  by  the  ancient^^  and  the  great  problem  before  the  alcheixuBts 
was  how  to  traii^mute  the  baser  metals  into  gold, 

FreparatioQ* — ^Native  go^d  is  never  pure*  Its  mo^t  common 
companions  are  silver,  copper,  and  lead.  It  is  s€^parated  froni  cop- 
per and  lead  by  cupeltation  and  from  silver  by  parting  (see  Hefinlng 
of  Silver),  Pure  gold  may  be  obtained  by  disf>oiving  in  of/wa  ngia, 
evaporating  to  ilrive  off  nitric  acid,  dihiting  w-ith  w^ater,  filtiuing 
frora  silver  ehloridj  and  then  precipitating  with  a  reducing  agtnt 
mich  as  ferrmis  gulf  ate  or  sulfurtjns  nxid* 

GoM*miBing^ — Gold-raining  is  of  two  kinds^  phetr-mining  and 
vtin^mining. 

In  pkccT-mining  the  gold  is  obtained  from  the  beds  of  streams 
or  from  the  saud  and  gravel  of  ancient  water-courses,  where  it  ha3 
been  depoBited  through  the  agency  of  the  w^ater  after  having  been 
set  free  by  tlie  disintegration  of  the  rocks.  The  usual  method  is  to 
wash  the  material  with  powerful  streams  of  water  through  sluices, 
in  the  bottom  of  which  are  depre^ions.  The  gold,  being  heavier 
thais  thr  rocks,  goes  rapidly  to  the  bottom,  is  retained  in  tlie  depres- 
sions, and  is  afterwards  removed.  A  method  of  dry  scpanititjn  of 
gold  from  the  sand  has  recently  been  invented  for  use  in  the  arid 
regions  where  water  cannot  be  had, 

Much  kirger  quantities  of  gold  may  be  taken  from  qtiartz-veins. 
The  vein  material  is  crushett  to  a  fine  powder  under  stamps  or 
rollers  in  the  presence  of  water.  The  skimjy-milf  consists  of  a  huge 
mortar  in  which  stamps  weighing  0(M}  in  000  pouinis  are  let  fall 
contirmously.  The  pulp  is  washed  through  a  screen  and  flows 
OvcT  an  amalgamated  plate  of  etipper  which  retains  the  free  gold. 
It  passes  then  to  the  concentrating  machines,  where,  by  the  action 
of  water  and  gravity,  the  iron  and  copper  pyrites  whicli  contain 
the  sfwalled  combined  gold  are  ^'parate<l  fmm  the  other  rock 
materiah  The  gohl  h  taken  from  the  "concentrate'*  in  a  chem- 
ical way.  In  the  cMorinatmn  process  the  gold  is  difi>8olved  in  ehlcmn 
and  tben  pn'cipitated  with  sulfurous  oxid.  In  the  cifrnM  procejis 
the  gold  is  dissolved  out  with  potasshnn  cyanid  and  |jrecipilated 
with  metallic  mnc. 

Fbjrsical  Properties* — CioW  is  a  yellow  loj^trous  metal  of  specific 
jfavity  19.33.  It  melts  at  lOTo*^  and  cr>*staliizes  in  rubes  and  dmlee- 
ahedrone.    It  is  softer  than  silver  and  m  the  most  malleable  and 
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ductilp  of  all  metals.  A  single  gram  of  gold  may  be  drawn  into  a 
wire  3240  meters  (about  two  miles)  long.  It  may  be  beaten  into 
leaves  one  ten-thousandths  of  a  millimeter  thick.  One  gram  will 
gild  thirty  miles  of  fine  silver  wire,  tVie  coating  having  a  thickness 
of  only  one  five-hundredths  of  a  millimeter.  Gold-leaf  transmits 
green  light. 

Gold  is  obtained  in  a  soluble,  colloidal  state  by  reducing  a 
weakly  alkaline  solution  of  gold  chlorid  with  formaldehyde.  On 
adding  stannous  chlorid  to  a  solution  of  gold  chlorid  a  beautiful  red 
or  purple  color  is  produced,  due  probably  to  a  mixture  of  colloidal 
gold  and  colloidal  stannic  acid.  This  is  called  the  purjde  of  CassivXf 
and  is  used  for  coloring  glass  and  porcelain. 

Chemical  Properties. — Gold  is  the  most  permanent  and  imal- 
terable  of  metals.  It  does  not  decompose  water,  does  not  tarnish 
in  the  atmosphere,  is  attacked  by  no  single  acid,  and  is  but  slightly 
affected  by  alkalis.  It  combines  directly  with  chlorin,  bromin, 
and  ifxliii,  but  not  with  oxygen,  sulfur,  or  fluorin.  It  dissolves  in 
chlorin  water,  aqua  regia,  potassium  cyanid,  sulfuric  and  phos- 
phoric acids  in  the  presence  of  nascent  oxygen  (HjSO^+MnO, 
+  Au),  and  slightly  in  alkaline  solutions  of  certain  salts,  especially 
those  of  iron.  It  is  j)recii)itated  from  its  solutions  as  a  dark 
]>:()\vn  powder  hy  metals  and  reducing  agents. 

Tests.  (lold  articles  are  tested  by  rul)bing  upon  a  hard  smooth 
stone  and  treating  the  streak  with  nitric  acid.  The  streak  ili>- 
solves  more  or  less  according  to  the  amount  of  alloy. 

Uses. — On  account  of  its  beauty  and  unalterability  gold  is  the 
most  hii^hly  prized  of  metals,  hut  because  of  its  costliness  its  us<^  i:? 
limited.  It  is  used  for  coins  the  world  over  and  is  now  the  almost 
univ(M'sal  standard  of  money  value.  It  is  employed  for  jewelr}'  aiul 
works  of  onuurent  and  art,  for  gilding  and  gold-plating,  for  toning 
photof!:raj)hs,  and  for  c(^loring  ruby  glass. 

Gold  Alloys. — Gold  all(\vs  well  with  most  of  the  true  metals, 
especially  silver,  copper,  lead,  tin,  mercury,  cadmium,  and  zinc. 
Th(^  copper  alloy  has  a  reddish  tint,  which  inerea.ses  in  redness  with 
the  amount  of  copper,  hut  is  scarcely  noticeable  up  to  10  per  cent 
The  silver  alloy  increases  in  whiteness  with  the  amount  of  silver. 
Elcctrum  is  a  j)al(\vellow  alloy  of  gold  with  15  to  25  per  rent 
of  silver.  It  occurs  native  and  was  used  by  the  Greeks  anil 
Komans  in  jewelry  and  coins.  The  gold  coin  of  the  United  States. 
Germany,  and  most  other  countries  is  one  tenth  copper;  that  of 
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Knglancl  one  twelfth  copper.  Pure  gold  m  worth  $20.67  and  coin 
gold  $18.60  por  troy  ouuce.    The  gold  dollar  weighs  25*8  graliLS. 

The  composition  of  art  gold  has  usually  been  expressed  in  carols 
or  parts  in  24.  Eighteen-carst  gold  has  18  parts  gold  and  6  parts 
Cf*pper.  This  is  the  gold  nitjst  used  in  jewelry,  though  lower  grades 
are  employed  for  various  purposes. 

Gold  has  a  special  attraction  for  merciuy  and  is  completely  sol- 
uble m  it.  The  excess  of  mercury  may  he  pressed  out  through 
chaiooiH  leather,  leavLug  the  solid^gold  amalgam.  This  is  decom- 
poi5ed  by  heat,  the  mercury  distilliiig  away  and  leaving  the  gold. 
Thjj^  property  is  used,  as  we  have  already  seen,  in  separating  gold 
from  it.^  ore!s. 

Gilding  and  Gold-plating.— Metals,  wood,  leather,  paper,  and 
eartheinxurc  arc  covered  with  gold  to  give  l>eauty  and  to  protect 
Against  the  air*  The  gold  may  be  applied  in  i^heets  or  may  be  de- 
posited from  solution.  In  the  former  case  gold  leaf  is  used;  in  the 
Iftttrr  the  elect ro'depcjs it  ion  prneess  is  usually  employed.  The 
objeet  to  be  gilded  is  suspended  as  the  eathode  in  a  1>ath  of  potassium 
gold  cyamM  and  the  anode  is  a  plat^e  of  gold.  In  gilding  porcelain 
and  glas,sT\'are  an  organic  sidfur  gold  compound  is  applied  and  this 
Ls  ilecoHi]K)seil  by  heat,  leaving  the  gold  upon  the  surface. 

Guld-refiniag.^The  assaying  and  refining  of  gold  has  been 
explaineti  under  silver. 

GOLD   COMPOUNDS. 

Gold  is  chemically  inactive  and  its  eompounds  are  not  numerous. 
They  are  unstable  and  are  decomposed  by  heat,  leaving  pure  gold. 
The  valence  of  gold  is  I  and  III-  In  it^  aurous  compounds  it  resem- 
bli*s  silver,  but  the  auric  compounds  are  the  more  stable.    While 

Cold  is  a  pure  metal  and  positive,  it  also  exhibits  acid  characteristics, 
uric  hydroxid  acting  with  the  more  positive  metals  to  form  auratefli 
The  thermal  relations  are  as  follows: 
(Au/^)  -  5,800  eah        (AuJVr)  -  - 100  cd. 

(All  J)  -  -  5,500  cal.     (Au^  A-^q-)     =  "  13,200  c^. 


(Au.Ch)  "22pSO0  ml. 

(H^\u,Cl^,Aq.)  =  71 ,300  caL 


(Au,(Dn)a)     ^mfim  cai. 

(Au3r,Aq.)      ^^.\^  caL 

CH,Aii,Br^.Aq,)-413K)  caU 
Gold  Halids.^ — Gold  unite-s  to  all  the  halogens  except  fluorin,  the 
ch  lurid  bein^  most  stable  and  the  iotlid  least  so.     There  are  aurous 
and  auric  halids  find  also  haloauric  acids  or  double  balids. 
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Aurous  Chlorid,  AuCl,  is  a  yellow  powder  obtained  by  heating  auric- 
chlorid  to  185°.  It  forms  with  the  alkalies  double  chlorids  or  cWor- 
auriteSf  as  KAuO,  or  K — C1  =  C1 — Au. 

Auric  Chlorid,  AuClj,  is  formed  by  the  action  of  chlorin  upon 
gold  at  200®.  It  is  a  yellow-brown  powder,  soluble  in  water,  alcohol, 
and  ether.  The  aqueous  solution  contains  the  acid  HjAuCljO, 
whose  silver  salt  is  AgjAuCljO. 

Chlorauric  Acid,  HAuCl4,4H20,  separates  in  long  yellow  acicular 
crystals  when  the  solution  of  gold  in  aqua  regia  is  slowly  evaporated. 
This  is  the  substance  which  comes  in  commerce  under  the  name  of 
"gold  chlorid."  It  colors  the  skin  a  dark  purple  and  yields  easily 
to  all  reducing  agents,  the  gold  separating  as  a  browTi  powder. 

This  acid  forms  salts  with  alkalis,  alkaline  earths,  the  ferroids, 
and  the  organic  bases.  Sodium  chlorauraiey  NaAuCl4,2H20,  is  the 
"  gold  salt "  used  in  toning  photographs. 

Aurous  Broxnid,  AuBr,  is  a  greenish-yellow  micaceous  powder  ob- 
tained by  heating  bromauric  acid  to  115°. 

Auric  Broxnid,  AuBr,,  is  a  black  powder  obtained  by  dissolving  gold 
in  hydrobromic  acid. 

Bromauric  Acid,  HAuBr^jSHjO,  is  obtained  as  red  needle-shaped 
crystals  by  the  intoraction  of  gold,  bromin,  and  hydrobromic  acid.  It 
forms  hroniauratcs  with  the  more  positive  metals.  ' 

Aurous  lodid,  Aul,  is  a  yellow  crystalline  ])owder  obtained  by  action 
of  hydriodic  acid  upon  «]:old  oxid.  It  is  unstable  and  deposit.s  gold  on 
standing  or  boin<r  heated. 

Auric  iodid  and  iodaurates  have  been  described,  but  need  further 
study. 

Aurous  Cyanid,  Au(C\),  is  a  yc^llow  iridescent  powder.  It  forins 
with  the  metrds  douhh*  cyanids  or  cya/iaun'tcs,  as  potassium  cynnnurite, 
KAu(CX).;  (innnntiiu.m  njauaurite^  XH,Au{('X)_;  potassium  thiocyan- 
aurifr,  KAu(SCX),. 

Auric  Cyanid,  Au(CX)3,  has  not  been  separated,  but  is  represented 
in  such  compounds  as  cyanauric  acid,  IlAu(CX)„()H^O;  potassium  cyan- 
aurate,  2KAu(rX)^,:3H.,0;  potassium  t/iiocyaua urate,  KAu(8CX)<. 

Aureus  Oxid,  AuoO,  is  prepared  by  treating  aurous  chloric!  with 
cold  potassium  hydroxid.     It  is  an  unstable  violet  powder. 

Aurous  Hydroxid,  AuHO,  is  a  violet  powder  obtained  by  adding 
potassium  hydroxid  to  a  solution  of  gold  which  has  been  decolorized 
with  sulfurous  oxid. 

Auric  Oxid,  Au^O^,  is  an  unstable  brown  powder  obtained  by 
heating  auric  hydroxid  above  100°.  .  ^  "'^-. . 
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Auric  Hydroxid,  Au(HO)s,  is  produced  as  a  yellow  powder  by 
washing  with  nitric  acid  the  precipitate  obtained  by  heating  gold 
ehlorid  solution  with  excess  of  magnesia. 

Aurates. — ^Auric  oxid  and  hydroxid  yield,  when  heated  with 
^  alkalis,  salts  of  the  hypothetical  auric  acid  HAuOj.  Potassium 
-  awraiej  KAuOjjSHjO,  crystallizes  in  yellow  needles  from  solution  of 
gold  oxid  in  potassium  hydroxid. 

Aurous  Sulfid,  AujS,  is  obtained  as  a  dark  precipitate  when  hydrogen 
^  suifid  is  passed  through  boiling  solution  of  gold  ehlorid.  It  forms  with 
alkalis  thioaurUeSj  as  KAuS. 

Auric  StUfid,  AUjS,. — When  hydrogen  sulfid  is  passed  through  a  cold 
solution  of  gold  ehlorid  a  bro^vll  precipitate  falls,  which  is  probably  a 
mixture  of  aurous  and  auric  sulfids.  It  dissolves  in  the  alkalis  to  thiau- 
rites,  but  with  ammonium  sulfid  yields  ammonium  thioaurate,  NH4AUS2. 

Gold  Tellurid,  AujTe,' occurs  in  the  minerals  calaverUe  and  sylvanite. 

Gold  and  the  Nitroids. — Gold  forms  no  compound  with  nitrogen,  but 
unites  with  phosphorus,  arsenic,  antimony,  and  bismuth  to  form  imper- 
fect alloys. 

Fulminating  Gold. — By  action  of  ammonia  upon  the  oxid,  hydroxid, 
cw  salts  of  gold  an  olive-green  powder  is  obtained,  which  is  caused  to  ex- 
plode violently  by  concussion,  friction,  or  heat.  Its  probable  composi- 
tion is  AuX^Hj  or  H — N  =  Au — NH,. 

Gold  Carbid  or  Gold  Acetylid,  AUjC,,  is  obtained  as  a  yellow  explo- 
sive powder  when  acetylene  is  passed  through  a  solution  of  gold  ehlorid 
to  which  has  been  added  sodium  thiosulfate  and  ammonia. 

Gold  Salts. — Gold  not  being  soluble  in  the  acids  forms  but  few 
salts  besides  the  halids  and  the  halo  salts  already  described.  A 
small  number  of  mixed  or  double  salts  have  been  prepared,  such  as 
sodium,  aurous  sulfite y  SXaoSOsjAujSOajSHjO,  and  'potassium  auric 
sulfite,  5KjS03,Au2(S03)2,5H20. 


CHAPTER  XXXVIII. 

GROUP  VII  A.    THE  MANGAN01D8.    MANGANESE  GROUP. 

Manganese  55.    Samarium  150. 

This  group  contains  manganese  and  probably  samarium.  Man- 
ganese belongs  to  the  first  long  period  and  in  properties  differs  much 
from  the  elements  of  Group  VII.  Indeed  it  presents  the  rare  phenom- 
enon of  possessing  properties  in  common  with  the  three  elements 
which  stanc}  about  it  in  the  periodic  table  rather  than  properties 
•intermediate  between  them.  It  forms  oxids  and  ous  and  ic  salts 
like  chromium  and  iron;  manganites  and  manganates  like  the 
chromites  and  chromates;  and  peroxid  and  permanganates  like 
chlorin  peroxid  and  the  perchlorates. 

Samarium  has  not  been  well  studied  and  is  placed  here  pro- 
visionally. 

MANGANESE. 

Symbol   Mn.     Atomic   woij^ht  55.     Valence  II,    III,  IV,  VI,  \7I. 

Specific  gravity  8.     Melting-point  1900'. 

Occurrence. — Manganese  does  not  occur  free  except  in  meteor- 
ites. In  its  compounds  it  is  widely  distributed,  generally  associated 
with  ()th(*r  in(*talS;  but  the  oxids  are  found  in  rather  extensive  bods. 
Its  principal  ore  is  pip'olusitc,  MnOj.  Other  ores  are  braunite,  MnjOj,' 
hausniannitr,  Mn3()4;  mamjanitdy  Mn202(HO)2;  rhodochrosite,  MnCOji 
alaharufite,  MnS,  and  haucrite,  MnSj. 

History. — Pyrolusite  or  manganese  dioxid  has  been  know^n  from 
the  oarlii\st  tinu^s.  It  was  confused  with  magnetic  iron  ore  and 
called  mmjmsia,  referring  probably  to  its  magnetic  properties.  In 
1740  Pott  proved  that  it  contained  no  iron,  and  in  1774  Scheele and 
Bergman  showed  that  it  contained  a  new  element.  The  metal  was 
first  isolated  by  Gahn. 

Preparation. — Manganese  is  separated  from  its  compounds 
with  great  difficulty.     The  oxid  is  reduced  by  carbon  only  at  a 
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bright  white  ht?at*  a  little  more  easily  by  aluminum.    The  fused 

chlorid  h  reilueod  by  magnesium  orscHlium  or  by  electrolysis. 

Physical  PropertieSi — Mangnnese  is  a  steel-gray,  brittle,  crys- 
talline tiietal  sotnewliat  resenil^Uiig  east  iron  aiiil  hard  enough  to 
©eratch  glass.  It  has  specific  gra^'ity  8,  melts  at  1900°,  and  volatil- 
m*s  in  die  elect  rir  a^.^ 

Chemical  Properties.  — Pure  manganese  tarnishes  quickly  in  the 
air  and  mimt  be  kept  under  rock  oiL  When  it  cijutains  iron  it  is  less 
easily  axidijtetK  It  decomposer  cold  water  slo^\ly»  boiling  water 
rai>i<Llly,  and  dissolves  readily  in  dilute  acids  to  form  ntaiiganous 
salts- 

Manganese  AUgys^^-Manganase  haa  no  commercial  use  except 
in  its  alloys.  Mafifjanfse  ajualgam  is  used  in  electrolytic  separation 
of  mangaiieiie.  Man4janese  iron  alloys  (spiegeleisen  10  to  20  per  cent 
manganesf*  iuid  ri'rrr>*niangancsc  20  to  80  per  cent  maiigunese)  arc 
used  in  the  manufacture  of  BessetDer  steeL  Mangmifse  bronze,  an 
alloy  of  niangaiicsi%  copper,  and  ^inc,  is  us^d  as  a  substitute  for  Ger- 
in  silver. 

MANGANESE   COMPOUNDS, 

Mangane.sc  is  basic  in  its  lower  and  acidic  in  its  higher  valences. 

affinities  arc  rather  with  chromium  and  iron  than  with  chlorin, 

ice  it  resembles  the  last  only  in  the  heptoxid  and  the  perman- 

knaies.     Because  of  the  many  valences  which  it  exhibits,  there  is 

^me  confusion  hi  the  naming  of  the  compounds,    The  principal 

with  the  usual  namca  are  as  follows; 

Basic  manganese: 

Valence  11.     Matiganou^  compound-^:  MnO,  Mni%,  MnSOj. 

Valence  MI.  or  pfieudcnrijKcl,  fMn,^""'.  eommonlv  called  man^nic 
ound«:  Mnfi,,  MtiQ,  or  Mn^a,,  Mn  (SOj,. 

Ceidic  manganes^e : 

Valence  IV.     ^fanganese  dioxid  and  manganit^:  HnOj;  K^MnO„ 

Valence  XI.  Manganic  acid  and  man^anatc?^ :  XfnO,:  H,MnO^;  K.MnOt, 
Valence  Tlh     Permanpjanic  acid  and  ]^rmanganate« :  MnjO^ ;  HMnO^J 
MnO,. 

Manganese  compounds  are  generally  soluljle,  except  the  axids, 
Bd  art*  chemically  quit€  active.    There  are  two  elemetital  ions, 
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Mn",  which  is  pale  red,  and  Mn"'  or  Mn2^,  which  is  deep  violet; 
and  the  compound  ions  (MnOJ"  green,  and  (MnOJ'  violet  pur- 
ple; Mn(CN)e""  blue  and  Mn(CN)e'"  red. 
Thermal  equations  are  as  follows:. 

(Mn,H2A)  =  l^>3,200c.     (Mn,a)    =  112,000  c.     (Mn,S,Aq.)«   44,403  c. 
(Mn,S,0,)   =  249,900  c.     (Mn,C,OJ=  210,800  c.    (K,Mn,OJ   =  195,000  c. 

Manganese  Halids. — The  manganous  halids  are  easily  formed 
and  resemble  the  halids  of  iron.  They  are  obtained  by  direct  union 
or  by  dissolving  the  oxid,  hydroxid,  or  carbonate  in  the  haloid 
acids.    The  tri  and  tetra  halids  are  unstable  and  difficult  to  prepare. 

Manganous  Fluorid,  MnF,,  amethystine  crystals. 
Manganous  Chlorid,  MnCl^,  4H2O,  rose-colored  monoclinic  crystals. 
Manganous  Bromid,  MnBfj,  forms  pale-red  crystals  of  MnBr„4H,0. 
Manganous  lodid,  Mnl^  4H^0.,  colorless  deliquescent  needles. 

Oxids,  Hydroxids,  and  Acids  of  Manganese. — Of  the  six  oxids 
of  manganese  two  are  basic,  three  acidic,  and  one  a  mixed  oxid. 
They  are  exhibited  in  the  following  table  together  with  the  hydrates: 

Mnn<]:anous()xid.  MnO.  Manganous  hydroxid,  MnH^O,. 

Manjxnnic  oxid,  Mii..()3.  Man.c:anic    hydroxid,    Mnll^Oj     or 
Man^iaii'v^c  t^'troxid,  Mn/)4.  MnJloOg. 

Man<:anos('  dioxid,  Mii( ).,.  Manj^anous  acid,  II. MnO.  or  H_,MnO,. 

Man^aiu'sc  trioxid,  MnO,.  Manganic  acid,  ILMnO^. 

ManiraiKvc  li('i)toxid,  Miv.O-.  Permanganic  acid,  PIMnO^. 

Manganous  Oxid,  MnO,  is  o])taincd  by  heating  the  carbonate  or 
the  higher  oxids  in  a  stream  of  hydrogen  or  by  igniting  a  mixture 
of  anhydrous  inaniranous  chlorid  and  sodium  carbonate  with  a  little 
ainnionii'iin  chlorid.  It  is  a  proonish  powder  of  specific  gravity  o.09. 
It  huriH  in  the  air  to  the  higlier  oxids. 

Manganous  Hydroxid,  MnlLOj,  is  obtained  as  a  white  preri])itate 
when  a  sohition  of  a  manganous  salt  is  treated  with  an  alkali 
hydroxid  away  from  the  air.  It  oxidizes  rapidly  in  the  air  and  dis- 
solves in  acids  to  manganous  salts. 

Manganic  Oxid,  Mn.,03,  occurs  as  the  mineral  hrnunite  in  black 
square  prisms  of  submetallic  luster  and  specific  gravity  4.75.  It  is 
prepared  by  igniting  the  other  oxids  in  oxygen.      It  is  a  black  pow- 
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der  of  specific  gravity  4.32.  It  dissolves  in  hydrocliloric  acid,  evf  liv- 
ing fhlorin. 

Manganic  Hydrorid,  MiiHaOt  or  MiiJinOft,  is  obtained  as  a 
dark-brown  pircipitatewheti  ammonia  h  added  to  a  solution  of  a 
nianganie  ^alt. 

Manganic  Metahydroxid,  IMnfKHO),  occurs  as  the  mineral 
ntfinfffnult:  in  black  st[uaro  ]jyrainiils  of  specific  gravity  4.3*  It  may 
bt'  prepart^d  by  slow  oxidation  of  manganons  hydroxid  in  moiBt  airjf 

Manganese  Tetroxid  or  Manganous  Maoganite,  Unfi^  or 
MfijMnO^j  occurB  a^  tlio  mineral  hiiit,^mamiJtt  in  red  [n'ramidal 
crystals  of  specific  gravity  4.S5.  It  is  formed  when  the  other 
oxicU  are  heatetl  in  the  air  and  is  the  most  stable  of  the  oxlds. 
When  heated  with  dilute  nitric  aciil  it  yields  manganous  nitrate 
and  manganese  dioxid,  MnA+4HN03  =  2Mii(N<y3  +  Mn(  i.  +  2K^U, 
This  .suggests  that  it  is  a  manganous  salt  of  orthomaTigaiious  acid^ 

Manganese  Diozid,  MnO^,  occurs  native  as  the  mineral  pyro- 
lusiU  m  black  rliombie  ciystals  and  fibrous  masses  of  nieiiillic 
luster,  and  s^peeifie  gravity  4.82.  It  may  bt*  i>rr*pared  by  gently 
heating  the  nitrate.  Wlien  heated  it  gives  up  oxygen  and  becomes 
first  Mn/>3,  then  Mn/),,  and  finally  at  white  heat  MnO.  With 
hydrocldcjric  acid  it  yields  ehhrrin.  It  has  been  supposed  that  in 
tills  reaction  MnCI^  was  formed  at  fimt,  but  more  careful  investiga- 
tions have  shown  that  the  corn  pound  H^MnQlfl  is  prolmbly  formed 
and  that  thijj  breaks  down  in  tit  HCb  MnClj,  and  chlorin» 

Mangaoose  dioxid  is  a  powerful  oxidizing  agent  and  finds  exten- 
sive use  in  the  manufacture  of  chlorio^  chlorid  of  lime,  oxygen,  glass, 
and  pnreelain. 

Manganous  Acid,  H^MnO*,  is  formed  when  an  alkaline  manga- 
nous solution  is  treated  with  a  strong  oxidizing  agent  such  as  chlorin, 
hrtmur^  or  a  hypoehloritfv.  It  makes  a  brown  jsohrtioM  which  readily 
passes  to  the  colloid  state.  By  gentle  deliydration  it  is  converted 
into  the  ineta  acid  H^MnO,.  These  are  weak,  unstable  acids,  which 
givi:^  rine  to  a  series  of  saUs  callf^d 

ManganiteSt^These  are  not  simple  salts  of  the  acids,  but  are 
gf^ntTMlly  polymanganites,  Exaoiples  are  potassium  pentaman- 
gantte,  K.Mn^t>,j,  and  calcium  dimanganite,  CaMnPa.     The  latter 
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is  formed  by  oxidizing  a  mixture  of  lime  and  manganese  chlorid,  and 
when  treated  with  hydrochloric  acid  yields  chlorin.  These  facts 
are  utilized  in  the  recover^'  of  the  manganese  waste  in  the  manufac- 
ture of  bleaching-powder. 

Manganese  Trioxid,  MnOj,  is  a  very  unstable,  volatile  liquid 
which  passes  to  vapor  at  50°.  It  is  obtained  by  adding  a  sulfuric 
acid  solution  of  potassium  permanganate  to  dr>'  sodium  carbonate. 
.  Manganic  Acid  and  Manganates.— Manganic  acid,  H2Mn04,  is  so 
unstable  that  it  cannot  be  isolated,  but  it  forms  a  number  of  well- 
defined  salts,  only,  however,  with  the  alkaU  and  alkah-earth  metals. 

Manganates  are  obtained  by  heating  together  manganese  com- 
pounds and  alkali  hydroxids  or  carbonates  with  free  access  of  air. 
The  manganates  of  the  alkaU  metals  are  soluble,  while  those  of  the 
alkali-earth  metals  are  insoluble  in  water.  The  most  important  of 
these  compounds  is  potassium  manganate,  K2Mn04.  It  is  a  green 
crj'^stalline  solid.  Its  solution  is  green,  but  on  exposure  to  the  air 
gradually  passes  through  blue,  violet,  and  purple  to  red,  because 
of  its  oxidation  to  potassium  permaganate.  On  account  of  this 
change  of  color  it  is  called  chameleon  mineral. 

Permanganic  Oxid,  Mn2C)7,  is  a  heavy,  greenish  black,  mobile 
liquid  which  passes  at  60°  to  a  violet  vapor.  It  may  be  obtained 
by  carefully  distilliiifi:  under  (liininished  pressure  a  mixture  of  potas- 
sium ))ermari<raTiate  and  moderately  dilute  sulfuric  acid.  It  explodes 
with  violence  whim  warnuMl  or  brought  in  eontact  with  combustibles. 

Permanganic  Acid,  HMnO^,  is  a  purple  substance  obtained  in 
solution  by  dissolving  permanganic  oxid  in  cold  water  or  by  decom- 
poshig  barium  permanganate  with  sulfuric  acid  or  by  the  electroly- 
sis of  potassium  permanganate.  It  l<  cjuite  analogous  to  perchloric 
acid,  is  imstable,  and  a  i)owerful  oxidizer. 

Permanganates  are  oljtained  by  oxidizing  the  manganates  c-r 
oxids  of  manganese  in  the  presence  of  an  alkah.  They  are  all  pur]  Je 
red  in  color,  and  soluble  in  water.     The  most  important  one  is 

Potassium  Permanganate,  KMnO^. — This  may  be  obtained  by 
passing  carbon  dioxid  or  chlorin  through  a  solution  of  potassium 
manganate : 

8K2Mn( ),  -^  2C(\  =  MnO^ + 2K2CO3 + 2K\In04. 
IvMnO^  +  Cl      =Ka    +K.Mn04. 
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The  last  equation  is  written  by  ions  thus: 
MnO/'+Cl=MnO/+Cl'. 

The  chlorin  takes  half  the  electric  charge  from  the  manganate  ion. 
Acids  act  in  the  same  way,  converting  the  manganate  into  the 
permanganate  ion. 

Potassium  permanganate  crystallizes  from  solution  in  dark 
purple  rhombic  needles.  It  dissolves  in  16  parts  of  water  to  a  deep 
violet  solution.  It  is  a  powerful  oxidizer  and  disinfectant,  and 
is  much  used  in  laboratories  as  a  reagent.  Taken  internally  it 
acts  as  a  poison. 

The  oxidizing  action  of  permanganates  is  due  to  the  ease  with 
which  the  permanganate  ion  is  reduced.  The  .action  takes  place 
in  neutral,  alkaline,  or  acid  solutions.  In  the  presence  of  an  acid 
the  colorless  manganous  ion  is  formed  and  five  atoms  of  oxygen 
are  liberated  from  two  molecules  of  the  permanganate: 

2KMn044-3H^O,=K2S044-2MnS044-3H30+50. 

In  neutral  or  alkaline  solution  MnOj  separates  with  brown  colora- 
tion and  only  three  atoms  of  oxygen  are  available: 

2KMn044-HjO  =  2KH0  +  2Mn024-  30. 

A  good  example  of  the  first  action  is  the  oxidation  of  ferrous 
to  ferric  ion  in  the  presence  of  hydrogen  ions: 

5Fe-+MnO/4-8H-  =  5Fc-+Mn-+4H,0. 

If  the  permanganate  solution  is  added  to  the  iron  solution  drop 
by  drop,  it  is  decolorized  as  long  as  any  ferrous  iron  is  present. 
The  appearance  of  a  persistent  color  indicates  the  completion  of 
the  oxidation.  By  using  a  solution  of  known  strength  and  measur- 
ing the  amount  used,  the  amount  of  ferrous  iron  in  the  solution  is 
determined.  In  the  same  way  the  quantities  of  organic  matters 
in  solutions  are  volumetrically  determined. 

Other  permanganates  are  those  of  lithium,  sodium,  ammoniiiir, 
barium,  calcium,  cobalt,  magnesium,  strontium,  zinc,  lead,  c()pj)er. 
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and  lanthanum.  Two  of  these  are  remarkable  for  their  extreme 
solubility  in  water  and  their  extraordinary  oxidizing  power.  Cal- 
cium and  strontium  permanganates  dissolve  respectively  3.31 
parts  and  2.9  parts  in  one  part  of  water  at  18°.  These  strong  solu- 
tions oxidize  organic  compounds  with  almost  explosive  violence. 

Manganous  Sulfid,  MnS,  occurs  native  as  alabanite  or  mangane^ 
blend  in  steel-gray  cubes  and  octahedrons  of  specific  gravity  4.04. 
It  may  be  prepared  by  heating  manganous  oxid,  carbonate,  or  sul- 
fate in  a  stream'  of  hydrogen  sulfid.  When  a  manganous  salt  is 
treated  with  ammonium  sulfid  a  flesh-colored  precipitate  is  obtained 
which  is  supposed  to  be  MnHjSa- 

Manganese  Disulfidi  MnSj,  occurs  in  nature  as  kaueriie  in  red- 
dish-brown crystals  of  adamantine  luster. 

Manganese  forms  rather  well-defined  compounds  or  alloys  with 
phosphorus,  arsenic,  carbon,  silicon,  boron,  aluminum,  tin,  and  lead. 

Manganese  Salts. — There  are  manganous  and  manganic  as  well 
as  double  and  basic  salts  of  nearly  all  the  acids. 

Manganous  Sulfate,  MnSO^,  is  obtained  by  heating  manganese 
dioxid  with  sulfuric  acid.  It  crystallizes  with  varying  quantities 
of  water:  at  280°,  MnSO^HjC),  like  the  native  kieserite;  at  15°, 
MnSO^.oIIjO,  pink  crystals;  at  0°,  MnS(^4,7H20,  also  pink  cr\'stals. 

Manganese  Aluminum  Pseudo  Alum,  MnAL(SO^)^,24H^O,  the  mineral 
apjohnitc. 

Potassium  Manganese  Alum,  KMn(80^),,12H,0,  violet  octahedrons. 

Ammonium  Manganese  Alum,  (XHjMn(SOj_,,12H20,  purple  octa- 
hedrons. 

Manganic  Sulfate,  Mn/SO^),,  dc^liquoscent  powder. 

Manganous  Nitrate,  Mn(X(),) ^,011,0,  white  deliquescent  needles. 

Manganous  Phosphate,  MnjPOJ.JH.O,  white  cryst^ils. 

Manganous  Carbonate,  MnCOg,  occurs  native  as  the  mineral  rhodo- 
chrositr  or  nianp:anese  spar.  It  is  precipitated  from  manganous  solutions 
by  sodium  carbonate  as  a  white  powder  which  turns  bro\Mi  in  the  air. 

Manganese  Silicate,  MnSiOg,  is  the  mineral  rhodonU^,  Manganese  is 
a  constituent  of  many  of  the  comj)lex  silicates. 

Manganous  Borate,  MnB^Oy,  is  obtained  as  a  brown  powder  by 
treating;  a  mangan(\<e  salt  with  borax.  Added  in  small  quantity  to  oils 
and  varnishes  it  acts  catalytically  to  make  them  dry  quickly. 

Complex  Manganese  Compounds. — Manganese  forms  complex  ions  wth 
cyanotTcn  similar  to  those  of  iron.  Potassium  inanganocyanid,  K^Mn(CX)e, 
is  blu'c',  potaasium  manganiajanid,  K3Mn(CX)Q,  is  red. 
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SAMARIUM. 

Symbol  Sa.    Atomic  weight  150.    Valence  III. 

Samarimn  is  obtained  from  orthite  and  thorite.  It  was  named  by 
Boisbaudrany  who  obtained  it  from  samarskite.  It  is  very  rare,  its  com- 
pounds have  not  been  well  studied,  and  its  place  in  the  periodic  table  is 
not  finally  established.  The  oxid  Sa,0,  is  sipiilar  to  manganic  oxid  and 
dissolves  in  acids  to  a  yellow  solution.  The  hydroxid  is  a  white  powder 
insoluble  in  alkalis.    The  salts  have  an  astringent  taste. 


CHAPTER  XXXIX. 

GROUP  VIII  A.— FERROIDS,  PALLADINOIDS,  AND  PLATINOIDS. 

This  group  contains  three  series  of  elements  arranged  in  three 
sub-groups.  In  the  series  the  elements  are  closely  related  in  atomic 
weight  and  properties;  in  the  sub-groups  there  is  the  usual  group 
relations  and  gradation  of  properties.  They  may  be  arranged  as 
follows  : 

Fcrroids:         Iron  56        Cobalt         59      Nickel  58.7 

Palladinoids:  Ruthenium  101.7    Rhodium  103     Palladium  107 
Platinoids:      Osmium       191        Iridium     193      Platinum    195 

TluNso  (^IcMiu'iits  are  all  basic  and  the  basic  character  increases 
witli  the  atomic  weight  in  the  series.  Iron,  ruthenium,  and  osmium 
are  w(*akly  acidic  in  their  higher  valences.  Nickel,  palladium,  aud 
platinum  form  no  oxygen  acids,  yet  platinum  shows  a  trace  of 
acidic  cliaract(M*  in  the  formation  of  the  halo  acids  and  salts  such  }fe 
potassium  chloro))latinate,  KoPtClfl.  Cobalt  is  somewhat  anom- 
alous. Its  atomic  weight  is  above  that  of  nickel  and  yet  it  is  less 
basic  and  its  group  affinities  are  with  rhodium  and  iridium  rather 
than  with  palladium  and  ]-)latinum.  It  is  probable  that  further 
investigation  will  show  that  its  atomic  weight  is  below  that  of  nickel. 
In  valence  there  is  a  gradual  progress  from  Group  \U  through 
Group  \'MI  to  (Jroup  I,  as  is  illustrated  by  the  following  compounds: 


VI 

VII 

VI 

III 

II 

I 

II 

Cr()3 

Mn,0; 

F0O3 

CoA 

NiO 

CujO 

ZnO. 

These  elements  occupy  the  lowest  points  in  the  cun^e  of  atomic 
vohmies  and  the  highest  points  in  the  curve  of  melting  temper- 
atures. 
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THE    FERBOIDS,     IRON    SKRIES, 

Iron  56.  Cobult  SD*  Nickd  58  J, 
Iron,  cobalt,  and  nickel  fonii  a  series  whose  physical  properties 
art*  so  mniflar  as  to  bring  them  within  one  group.  Iheir  eloseist 
!ifTinitii*s  are  with  chnimium  and  manganese  tui  the  one  hand  and 
witii  copper  on  the  other.  They  are  hard  white  metahj  which  luae 
mth  tlifficidty. 

TRON» 

SyEDbol  F{?,  At^imic  weight  $6,  Valence  II,  III,  IV,  VL  Sj>ecific 
gnivity  7,8S.    Melting-poiot  1600^  to  1770°.    Speeific  heat  0.1138. 

Occurrence,— Iron  oceurs  frtn:^  very  sparingly  in  certain  ba^saltie 
rockis  and  in  meteorites.  Combined  it  h  one  of  tlie  most  widely 
clistribiitcHl  an<l  abundant  of  elementa,  constituting  about  one  tenth 
of  the  surface  rocks  of  the  gUjk>e.  It  is  finmd  in  almoi?t  all  soils,  rocks, 
and  clays,  to  wliich  it  gives  a  yellow,  brown,  ur  red  coior*  it  is 
present  in  nearly  all  terrestrial  %vaters  and  h  the  cliaraeteristie  con- 
slit  nent  of  chalybeate  mineral  waters.  It  is  found  in  the  chlorophyll 
of  the  leaf,  in  the  hi  nor!  of  animals,  ami  in  the  sun  and  stais.  Its 
ores  usually  lie  in  beds  deposited  through  the  agency  of  water;  sotnc^ 
times  in  vpins- 

The  principal  ores  of  iron  are  red  hanatiif,  Ff^fi^JtroumhamJitte, 
2F^^L\mjO  or  FeA(HO),,  mngmUte,  Fe,0,,  and  mdente,  FeCX>,. 
Other  nati%'e  cornpr>unds  not  uRed  ns  snurecs  of  iron  are  iron  p7jrtks^ 
FeS,,  roppir  pjirilts,  Cn^S.Fe^S^,  and  arstinc  pfjrites,  FcAbH. 

Hlstory.--lron  and  the  method  of  its  separation  from  its  ores 
have  been  known  from  the  earliest  times?.  It  was  imnl  by  the 
AssryriEins,  Egyptian.^,  anfl  Greeks,  and  is  mentioned  in  the  htmks 
of  MoEQs,  The  name  is  from  the  Seandinavian  mm,  German  mm, 
Sanscrit  ayas.  The  symbol  h  fr*im  the  T^tin  name  femtm.  It  was 
one  of  the  seven  metals  of  the  alchemists  and  was  comiected  with 
tlie  planet  mars  and  the  god  of  war, 

Preparatioa.— Pnn^  iron  may  l^e  obtainefl— 

L  By  heating  the  pure  ox  id  or  oxalate  in  a  nirrent  of  hydrogen.  A 
soft  black  p<nvder  which  takes  fire  reaiiily  in  the  air  md  burns  to  FcjO,. 

2,  By  reducini^  the  ferrotis  clilorid  with  hydrog^.  Blaek,  micro- 
iOOpic  octaht^dral  crystals* 

3*  By  *^'  of  ferrous  sulfate* 

4.  By  rt- 1  =  *[  tiie  native  ores  with  carbon.    An  impure  iron  con- 


iii^rilte 
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taining  more  or  less  carbon,  silicon,  phosphorus,  sulfur,  and  other  im- 
purities. 

Physical  Properties. — Iron  is  a  hard,  white,  tenacious,  malleable, 
ductile  metal  of  specific  gravity  7.88.  It  has  a  typical  metallic 
luster  and  takes  a  fine  polish.  It  softens  at  red  heat,  may  be  welded 
at  white  heat,  melts  at  1770®,  and  is  volatile  in  the  electric  arc. 
When  cooled  from  fusion  it  becomes  cr}'pto-cr}'stalline,  as  may  be 
showTi  by  etching  a  polished  surface  with  an  acid.  It  may  be  mag- 
netized, but  looses  its  magnetism  as  soon  as  the  inducing  agent  is 
removed.  It  absorbs  gases  at  red  heat  and  gives  them  off  on  cool- 
ing. It  conducts  heat  and  electricity,  but  not  so  well  as  copper 
and  silver.  It  is  the  strongest  and  most  useful  of  metals.  Its 
spectrum  contains  a  multitude  of  lines. 

Chemical  Properties. — Iron  remains  imchanged  in  dry  air  or 
oxygen  and  in  oxygen-free  water.  In  moist  air  or  in  contact  with 
water  it  soon  becomes  coated  with  iron  hydroxid  or  iron  rust, 
Fe(0H)3.  A  little  acid,  even  carbonic,  and  certain  salts,  especially 
the  haloid  salts,  promote  the  oxidation,  while  alkalis  retard  it.  The 
rusting  begins  slowly,  but  when  once  started  proceeds  quite  rapidly. 
This  oxidation  may  be  prevented  in  various  ways,  as  by  covering  the 
surface  with  paint,  oil,  varnish,  or  graphite.  A  layer  of  black  mag- 
netic oxid  resists  well  the  action  of  the  air  and  may  be  produced  by 
exposing  th(^  iron  to  the  action  of  superheated  steam  or  a  strong  acid. 
Iron  may  also  ])e  covered  with  zinc,  tin,  or  nickel  by  dipping  it  in  a 
bath  of  the  molten  metal.  Thus  are  obtained  galvanized  iron,  tin 
plate,  and  nickeled  iron. 

Iron  is  readilv  attacked  bv  most  dilute  acids  with  evolution  of 

•  *' 

hydn )<^(»n,  but  not  by  strong  acids.  It  unites  directly  to  the  halogens, 
and  when  heated  burns  vividly  in  oxygen  to  FejOg  and  FcgC)^,  and  in 
sulfur  vapc^r  to  Fe8.  It  decomposes  water  rapidly  at  red  heat  and 
slowly  at  100°. 

Iron  fn^e  and  in  combination  is  a  peculiarly  active  cataljlic 
agent.  This  may  be  illustrated  as  follows:  Add  some  potassiuni 
iodid  starch  solution  and  acetic  acid  to  a  dilute  solution  of  hydrogen 
peroxid.  The  starch  is  very  slowly  blued  by  the  liberated  iodin. 
If  now  a  single  drop  of  a  ferrous  solution  be  added,  the  reaction  goes 
on  much  more  rapidly.  It  has  been  suggested  that  the  function  of 
iron  in  the  blood  and  in  the  clilorophyll  of  the  leaf  is  a  catalytic  one. 
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The  Reduction  of  Iroa  Or€s,^Iron  ores  an?  reduced  by  the 

Eimple  nu^tallurgical  process  of  heating  them  with  cliarcoal,  coke 
f>r  aiitfiracite  eoal,  the  reducing  agents  being  both  carbon  and  car- 
bon nionoxid-     The  reactions  may  be  represented  thus  : 

2FeiOj  +  3C  -  3CO3  +  Fe, ;    FtaO,  +  SCO  -  SCO,  +  Fe,. 

The  ores  are  not  pure,  but  contiiin  much  earthy  and  mineral 
matter,  mostly  clay  and  silica.  These  are  infuaiblc  and  prevent 
the  reduction  and  fusion  of  the  ore.  They  are  remove<l  hv  addition 
of  limc'stotie,  which  acts  as  a  flux  (Latm  flucre,  to  ffmr) ;  that  m,  urjites 
with  them  to  form  fusible  silicates  (a  kind  of  coarse  glass  called  slag), 

Tlie  proee^  la  conducted  in  the  l>last-f«mace,  a  structurt*  usually 
about  SO  fevt  high  luid   25   feet  wide,  tiipering  to  a  smaller  diujneter 
above  and   helow,  lined  %\ith   fire-brick   and 
furnished   with  iiilL't^  below  failed    luifcrest 
through  which  a  blast  of  air  mi^y  be  blown, 

Tlie  ore  is  first  roasted  to  drive  off  water 
and  carbon  dioxid  and  to  oxichze  sulfiu*j  £ir- 
eenic,  and  otlier  impurities.  It  is  then  in- 
Lroduci^l  lit  the  top  of  the  furnace  along  with 
coke  an  J  limestone  in  proix*r  proportions. 

The  chemical  reactions  which  go  on  in  the 
funiaee  are  quite  com|jlicated  and  are  not  all 
known.  They  are  snbj?tivntially,  however,  ils 
foUo^asr  The  carbon  tielow  hnm^  to  CO,^  i> 
rechicr-d  as  it  piusse^  U]>ivard  through  the  hot 
fire  to  CO.  Thi?  coming  in  contact  with  the 
heated  ow  reduces  it  first  to  ferrous  ox  id, 
then  to  iron  (zone  of  reduction).  The  spongy 
iron  &s  it  iJeseenda  and  h  more  higldy  heated 
ahsnrlii^  f.irtmn,  meltsi,  and  flows  to  the  bot* 
lorn  of  the  funiaee.  Tlte  lunestone  s  tiri^t 
oonverte<l  into  lime,  then  unites  with  the 
itilica.  to  form  tlie  aliig^  wliich  flows  doivnward 
and  ttoiits  on  tlic  surface  of  the  molten  iron. 
'Hie   slag    is  ilru\\'n   of?    from   time  to  time 

thmugli  a  side  ciutlet  caUed  the  sjaj^-hole  and  thrown  away.    The  iron 
in  run  off  at  intervals  on  a  sand  floor  and  is  made  to  flow  into  channels 
or  mouldfl  which  form  the  pigsi—hurs  of  iron  two  or  three  feet  long  and 
about  four  inches  thick, 
"  ieties  of  Commercial  Iron.— The  iron  as  it  comes  from  the 

,  railed  piff  fr*yn.  is  highly  charged  with  carbon,  partly  com- 


\^ 
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bined  and  partly  in  small  cryatab  of  graphite,  and  contaioa  other 
impurities,  notably  sulfur,  phosphorus  arsenic,  and  silica.  ^ 
refining  processes  it  is  converted  into  many  varieties,  which  may  all 
be  roughly  classified  as  east  mm,  wrought  iron,  and  stod. 

Cast  liron. — ^Pig  iron  is  coarsely  crystalline, contains  some  6per 
cent  of  carbon,  and  is  not  suitable  for  anything  but  crude  castinp. 
By  burning  out  a  portion  of  the  carbon  and  other  impuritieB  it  is 
converted  into  the  common  cast  iron,  which  still  contains  from  3  to 
6  per  cent  of  carbon.  There  are  two  kinds,  uhile  coat  tron  andyrqf 
cast  iron. 

White  cast  iron  is  formed  when  the  melted  iron  is  coded  quieUf. 
It  is  finely  granular  and  crystalline  and  contains  the  carbon  in  tbe 
combined  state.  It  is  hard,  brittle,  and  not  maUeable,  and  lus 
specific  gravity  7.1.  It  is  pasty  at  1200^,  does  not  melt  easily  to 
a  flowing  liquid,  and  is  not  suitable  for  castings.  The  combined 
carbon  is  easily  removed  by  oxidation,  and  this  iron  is  therefore 
easily  converted  into  steel  and  wrought  iron. 


FiQ.  75.— Reverberatory  Furnace. 


White  cast  iron,  which  contains  5  to  20  per  cent  of  manganese,is 
called  spiegeleisen  (German,  looking-glass  iron),  and  that  which  con- 
tains 20  or  more  per  cent  is  called  ferro-manganese.  These  are  much 
used  in  tlie  Bessemer  steel  process. 

Gray  cast  iron  is  formed  when  the  melted  iron  is  cooled  slowly, 
much  of  the  carbon  separating  as  crystalline  graphite.  It  is  not 
so  hard  and  brittle  as  white  cast  iron,  fuses  more  readily,  about 
1150°,  is  well  adapted  for  castings,  and  ig  not  malleable. 

Wrought  Iron  (soft  iron,  malleable  iron)  is  produced  by  remov- 
ing the  carbon  and  other  impurities  from  pig  iron  or  cast-iron.  This 
is  ordinarily  effected  by  the  process  called  puddling.  The  iron  is 
melted  in  a  reverberatory  furnace  lined  on  bottom  and  sides  with 


ferric  oxkl.  As  the  carbon  is  oxidized  the  metal  boils  from  the 
escape  nf  CXJj,  atid  the  phusphoruH  and  sUica  miite  with  the  ferric 
oxid  to  form  a  alag-  As  tlit*  carbon  is  reniovefl  the  melting-point  of 
the  ir^jn  riAea  and  the  mass  bfuonies  i>asry;  It  is  then  worked  up 
into  balls  or  blooms  and  removed  and  worked  under  hamDiers  or 
rollers  to  fi^^e  it  from  the  slag. 

Wrought  iron  contains  les^t  than  0.6  per  eent  of  carbon.  It  13 
luiigh,  malleable,  ductile,  and  easily  oxidized.  It  fuses  at  a  higher 
teini>erature  than  either  cast  iron  or  steel — 1900°  to  2100''.  It  can 
l>e  roUeil  hot  into  tliin  j^heets  and  welds  easily  at  white  Iieat. 

Steel  is  intermediate  between  cast  and  iiTonght  iron  and  con- 
tains from  0.6  to  2.0  per  cent  of  carbon.     It  is  made  in  three  ways: 

L  The  Bcifmmer  proccs.%^Me\tGd  cbeI  iron  is  put  into  a  large  oval 
vessel  called  a  converter  and  a  b!a*?t  of  air  blown  through  it  until  the  car* 
bun  is  all  hiirned  out,  A  quantity  of  spiegel  iron  h 
then  added  sufficient  to  furnish  carbon  enough  to  eon- 
fert  tbf*  whole  into  steeh  By  this  meani^  any  desired 
amount  of  carbon  may  be  introduced.  The  process 
is  rapid  and  cheap,  Six  tons  of  iron  may  be  converted 
into  gtccl  in  twenty  minutes. 

Thi.s  process  is  not  adapted  to  iron  containing  much 
pliu*i|*liorus,  but  a  modification  called  the  immc  pntceiis 
has  been  used  with  succe^.  The  converter  i^  lined 
with  limestone,  which  unites  with  the  phosphorus  to 
form  calcium  phosphate.  This  is  removed  and  used  in 
the  manufacture  of  fcrtilii^^rs. 

BeRHetner  fltcel  is  hard,  strong,  rr\*fttalUne,  scarcely  malleable,  and 
m  vmIM  mM  «/*'W,     It  in  itsed  for  rails,  axles,  cannons,  nails,  and  for  all 
pur|K>!3(?s  in  general  where  strength*  durability,  and  hardness  are  desirefi, 
^-      2.  The    eernrnMwn    prwrsjf.— Wron^ht  iron  is  placed  in  a  furnace 
^PUld  coven*d  with  broken  charcoal  and  heati*d  to  redness  until  the  requi- 
^aii#*  amount  of  earl>on  rs  nk^orbed.     This  is  a  slow  and  costly  proceas,  re- 
quiring S(*veral  days,  but  it  yields  the  finer  grades  of  steel  Ui^ed  for  cutlery, 
ppriniEs,  etc. 

X  Sietnetiii'MnrHn  proenfft. — Wrought  iron  and  iron  ore  are  added 
to  njelted  pig  iron  until  the  whole  contains  the  lequisite  amount  of  car- 
Imn.     The  heating  lasts  ten  or  twelve  hours. 

Steel  m  strong,  hard,  and  tough,  may  be  TiTonght  or  cast,  welds 
with  fitfficnlty,  and  melts  at  from  1200^  to  1500^.  Its  properties 
are  pr*eiiliarly  modified  by  the  process  called  temperins:*  Steel  is 
t^'inpercd  by  cooling  it  in  water  or  oil  or  by  heating  it  to  various 
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temperatures  after  it  has  been  suddenly  cooled.  When  etxiled 
quickly  from  a  high  temperature  it  is  v^vy  hard  and  brittle;  when 
cooled  slowly  it  is  softer  and  tough, 

The  following  table  show^s  the  composition  of  average  samples 
of  cast  iron,  steel,  and  wrought  iron. 


Irtin,  CArbon* 

CEstiron  .....  92. ao  4.00 

Steel 98.58  O.IK) 

Wrought  iron  .99.58  0.10 


Srilcoti.  PhoepboruE,  Sulftir.  IliuiKva^se, 

2.00        0.70  O.GO       0,40 

0.07        0.03  0.02       0.04 

0.05        0.15  0.05        0*07 


Alloys  of  Iron- — Iron  forms  alloys  more  or  less  perfect  with 
many  of  the  metals.  With  manganese,  timgsten,  and  chroniiimi  it 
fuses  in  all  proportions.  The  coating  of  its  surface  with  zinc,  nickel, 
and  tin  ib  due  to  the  formation  of  the  alloy.  The  presence  of  a  smaH 
amount  of  iron  in  a  metal  or  of  a  metal  in  iron  often  produces  a  ne^ 
niarkable  modification  in  properties. 

Uses, — Iron  is  the  most  important  and  most  useful  of- all  metals. 
Its  applications  are  matters  of  daily  observation  and  are  too  mr 
merous  to  be  mentioned. 


IRON   COMPOirNDS. 

Iron  resembles  manganese  in  its  valences  and  in  the  variety  of 

its  compounrds.  Wliile  decidedly  basic,  it  showi?  acidic  properties 
in  its  higher  valences,  though  not  so  markedly  as  manganese.  It 
forms  a  w^eak  ferric  acid,  HjFe04p  of  which  there  are  only  a  few  salts. 
As  a  basic  element  it  forms  tw^o  well*marked  serie.?  of  salts,  the 
ferrous  and  feixic,  besides  a  few  compounds  in  which  the  iron  ie 
tetravalent. 

There  are  tw^o  iron  ions,  the  ferrous,  Fe'%  which  is  colorlea^  and 
yields  pale-green  salts,  and  the  ferric,  Fe"%  whicli  is  also  nearly 
colorless  and  gives  red  salts.  The  former  is  easily  oxidised  to  the 
latter.  There  arc  also  several  complex  ions,  the  most  important 
of  which  are  FeO/',  Fe(CN);'",  and  Fe(CN)a"'. 

Some  of  the  thermal  relations  of  iron  are  shown  as  follows: 


(Fe.O) 


=  264,700  cal,   fFe,Hpj)  - 1.36,700  caU 


(Fe,Ri A)  ^  198,200  caK  fFeXl^Aq.)  =  00,f)50  cal, 
(Fe,Erj,Aq,)  =  80,800  cal,  (Fe,I^4q.)  =  40.400  caL 
(re^,Aq.)  =  23,800  cal.   (Fe,SA)   =  235,600  cal. 
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Iron  Halids.— Iron  unites  directly  to  the  halogens  to  form  fer- 
rous and  ferric  halitis^  the  affinity  bticoming  less  as  the  atomic  weight 
increasesi  so  that  ferric  lodid  can  scarcely  be  prepared.  These 
compounds  are  all  soluble  and  forai  double  halidis  with  other  metala. 

Ferrous  Fluorid,  FeFj,  green  cr^'slals. 

Ftrrie  Flucnidi  FeF„  colorless  or  yellow  crystals. 

Ferrous  Chloride  FeCIj,  is  formetl  by  heating  iron  in  cKlorin  or 
by  dissoh'iiig  irun  in  hydrochloric  acid  away  from  air  and  eyajx)- 
rati ng  in  hydrogen.  It  crystallizes  in  wliite^  liisstroiis,  deliquescent, 
hexagonal  plates.  At  the  ortlinary  tenipe*rature  the  molecule  seems 
fo  be  Fe^Ci^,  but  the  vapor  density  diminishes  as  the  temperature 
rises,  until  at  1400**  it  corresponds  to  the  formula  FeCl^,  It  forms 
hydrates?  and  douhl?^  salts  as  Fe<:n2,2II,(.>;  Fe€lj.2NH.Cl. 

Ferric  Chlorid,  FeClj,,  is  obtained  by  heating  iron  in  dry  chl  rin 
or  by  heating  ferric  oxid  in  dry  HCl  or  in  solution  by  dissohing  iron 
in  hydrochloric  acid.  It  sublimt^s  in  reddish-bro\\ii  or  green  irides- 
cent scales-  It  begins  to  sublime  at  100*^  and  boils  at  2S0°;  It 
deliquesces  quickly  to  a  dark-brown  liquid  (called  formerly  oleum 
ma  ft  is)  and  dissolves  in  water  (100  parts  in  63,5)  with  nvuch  hi»at- 
It  ilissolvcs  also  in  alcohol  and  ether.  From  concentrated  solutions 
yellow  crystals  of  FeClj^SHaO  separate. 

The  vap^ir  density  of  ferric  chlorid  at  440°  indicates  the  formula 
FcjClfl,  but  as  the  temperature  rises  dissociation  takes  place,  until 
at  100<1°  the  formula  is  FeCl,,  It  fonns  numerous  double  halids 
such  as  FeCl3,2Kri.H,0;  FeCi^.M^^.H^O. 

Ferric  chlurid  is  used  as  a  mc<Hcine  and  as  a  chlorination  agent- 
Ferrous  Ferric  Chlorid^  FcsCl^,18H0^  separates  as  yellow  deliquescent 
crj'stals  from  solution  of  magnetic  iron  oxid  in  hydrochloric  acid. 

Ferrous  Bromid,  FeBr^,  Ls  obtained  by  action  of  bromin  or  hj^dro* 
broinic  acid  upon  iron,  and  separate  as  FeBr^6H,Q  in  bine  cT\^tab, 

Ferric  BromidT  FcBr,,  is  obtainod  by  the  action  of  bromin  in  excess 
a|»oii  iron  or  h-JTous  broniid.     It  forniH  dark-n^d  deliquescent  cr>'stals. 

The  conimerriji!  iron  brornid  13  a  mixture  of  ferrous  and  ferric  broniid 
and  yields  w  Ijen  trt^ated  with  an  alkali  carbonate  a  black  precipitate  of 
fcrtiiua  fciTic  hydroxid. 

FerrouH  lodid,  Felj,  forms  i^reen  deliquescent  crystals  of  FeTj,5H^0. 

Ferric  lodid,  Felj,  may  lie  obtained  as  a  brownjsh-red  solution  by 
treating  ferrous  iodid  with  iodin. 


mm 


JOrOSffAMtq  OSMMmXKT.  GQblXXXDL 

Hyarofetfocyante  Add  or  GfBnkamm  AcUl,  H^e(CN),»— Far- 
itnis  cyanid,  F<<CN),,  eaimot  be  isdated,  because  it  unites  at  oeoe 
with  the  excess  of  HCN,by  wfaieh  it  is  produced  to  fomi  Jl^dra/emH 
eyame  wid.  This  aosd  f aUs  as  a  wiiite  crystalliiie  pxeoipitate  whm 
a  concentrated  solution  oi  jpotascmun  f erroqranid  is  treated  with  an 
excess  of  strong  hydrochloric  add.  It  is  tetrabasb  aild  fonns  a 
series  of  characteristic  salts  called  fmrocyamdB  or  f&romeyBmd^ 

Potassium  FerrocyMid  or  Potassittm  Cyaalerrite,  E^e(GN}«,- 
3B^0.   This  is  comnumly  known  as  yellow  prumaUof  pataA,  and  is 
formed  by  acticm  of  potasaimi  cyanid  upon  iron  or  iron  eompounds: 
6KCN  +  Fe  +  2H,0  -  H,  +  2KH0  +  K,Fe(GN),.  d 

It  crsrstallizes  from  soluticm  in  yellow  monoeitmo  prisms  of  §;pcc]Sc 
gravity  1.83.  It  looses  its  wat^  €i  crystallization  at  100°  and  iit 
a  higher  temperature  melts  with  decompc&itioiL  One  hundml 
parts  of  water  dissolve  25  Iwrts  at  20*^  and  50  parts  at  K©', 
It  is  the  starting-point  for  the  preparation  of  numerous  cyanogen 
compounds.  It  furnishes  a  test  fcHr  iron^  formiug;  ^ith  ferric  m\u 
ferric  ferrocyanid,  Te^iFeC^^^,  called  PHessian  blmj  and  for  copi)^r 
whose  salts  form  with  it  copper  ferrocyanid,  Cu.FefCN),,,  knowii  as 
HatcheWs  bronm.  It  is  decomposed  by  sulfuric  acid  with  evohi- 
tion  of  hydrocyanic  acid.  With  ferrous  salts  it  forms  white 
amorphous  ferrous  ferrocyanid,  FejFeCCN)^,  which  turns  blue  on 
exposure  to  the  air. 

Other  ferrocyanids  are  those  of  sodiiun,  calcium,  barium,  stron- 
tium, bismuth,  cobalt,  nickel,  manganese,  and  mercury,  besides 
numerous  double  ferrocyanids. 

Hydroferricyanic  Acid  or  Cyanferric  Acid,  H8Fe(CN)«,  is  ob- 
tained by  the  action  of  strong  hydrochloric  acid  upon  potassium 
ferricyanid  as  an  unstable  soluble  crystalline  solid.  This  acid  is 
tribasic  and  forms  many  salts. 

Potassium  Ferricyanid  or  Potassium  Cyanferrate,  KjFe(CN)e, 
commonly  called  red  prussicUe  of  potash.  It  is  obtained  by  oxida- 
tion of  potassium  ferrocyanid,  as  when  chlorin  is  passed  throHgyto 
solution  until  it  no  longer  gives  the  Prussian  blue  reaction :  ^^ 

K,Fe(CN),  +  a  =  KQ  +  K,Fe(CN),.  ^ 

It  crystallizes  in  dark-red  monoclinic  rhombic  prisms  of  specific 
gravity  1.8.  One  hundred  parts  water  dissolve  33  parts  at  the 
ordinary  temperature  and  77  parts  at  100*^.    With  ferrous  solutions 
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[gives  a  precipitate  of  ferrous  fcrrieyamdj  Fe,"(FeC^N «),"',  ealled 
rnbidVs  blu€j  similar  to  and  possibly  identical  with  Prussian  blue. 

Hitroprussiates.— 'NitroprussJc    aetd,   H^FeCCNj^NO,  Ls    obtained  by 

itmg  pot^s-sium  ferrocyaiiid  witli  dilute  nitric  acid.    On  allowing  tho 

siuin  nitrate  U>  cvy^i^im  out,  and  adding  sodium  carbonate,  the 

iutiful  red  crystalline  sodium  nilrapruMiak,  Xii;tFe(CX)^N0/2H^0,  b 

Stained,    This  Ig  U9e<l  as  a  test  for  »ohiblo  fiUifidB,  with  uliicli  it  jtrives 

intt«iiwL4y  bbje  color*     With  hydrogen  stilfid  no  color  appears.     It 

be  Ui*ed  for  the  detection  of  small  quantiljert  of  alkalis  aod  alkaline 

ha  by  adding  a  very  small  quantity  to  the  solution  after  having  passed 

^droj^en  sulfid  throiigli  it. 

Stnicttire  of  the  Ferro  and  Ferri  Cyanids* — ^The  iron  and  cyanogen 
\  these  eom^xjunds  are  so  closely  nnited  that  they  do  not  respond  to  their 
uai  reagent*5.    They  eon taixi  the  compound  negative  ions  ferrocyanogeni 
pc^'C^X, )*'"',  tctravalentj    and    ferri  cyanogen,    (Fc'"C^X\)'",    trivalent, 
are.  i>erhaps,  more  correctly  written  FelCfNg)^  and  Fe(C-^Nj)„  the 
acT  containing  the  trivalent  radiciU  C.Na  and  the  latter  the  divalent 
^liral  C^Nj.     The  structure  is  not  exactly  known,  but  the  following 
suggestion  has  some  probability:  ^ 


PotasBium  Ferricyanid: 


Fotas&ium  Ferrocyanid: 


I     I  II 

5j  =  ^>Fe-C=pl 


K-C- 


K-C^N  N-C-K 

I     I 
K— C-N 


i-U 


Ferrous  Thiocyanate,  Fe(CNS)i,3HjO,  is  obtained  by  the  action  of 
bioeyanie  acid  upon  rron  in  pale-ni'cen  monoi-Hnic  crystals. 

Ferric  TMocyanaie,  Fe(CN8)j,3H,.0,  is  obtained  in  dark-re^l  cubical 
Ratals  hy  the  tictjon  of  anhydrous  ferric  snlfate  ufion  ix>tas4<iunj  thio- 
ranate  und«T  a]ei>hoL     It  dissolves  in  wat^vr  or  alcohol  to  a  §ohjtion  of 

►d-red  color  antl  forms  a  rlelicatc  test  for  ferric  sialts  and  thioeyanat^s^ 

Qxids  and  Hydroiids  of  Iron* — ^There  are  three  oxids  of  iron, 
raJL9  orid,  FeO,  ferric  oxui,  VeJ\  anrl  farorts  frrric  arid.  "^^^Oi  or 

i.FejOa*  Tho  fin^t  two  are  ba??ic  and  fonn  ferrous  and  ferric  eom- 
lunrlst  the  last  is  a  mixed  compound  of  the  tither  two,  or  rather  a 

rmm  frrrik.  In  addition  to  these  there  is  the  hypothetical  FeO„ 
ynx  which  the  fcrrales  are  derived.     The  simcture  itf  these  nxids 
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may  be  represented  as  follows:  Ferrous  oxid,  Fe  =  O;  ferric  oxid, 
0  =  Fe — O — Fe  =  0,     or    0  =  Fe — Fe  =  0;     ferrous    ferric     oxid, 

.0— Fe=0  yO 

Fe<  ;    ferric  peroxid,  0  =  Fe(    .  . 

X)— Fc==0  ^0 

Ferrous  Ozidi  FeO,  is  a  black  powder  obtained  by  reduction  of 
ferric  oxid  with  hydrogen  or  carbon  monoxid  or  by  igniting  ferrous 
oxalate  away  from  the  air.  It  is  not  pure,  but  contains  some  of  the 
metal  and  of  the  ferric  oxid.  It  oxidizes  quickly  in  the  air  and  dis- 
solves in  acids  to  form  ferrous  salts. 

Ferrous  Hydrozid,  FeHjOj,  is  precipitated  by  alkali  hydroxids 
from  ferrous  solutions  as  a  white  precipitate  which  soon  turns  green 
by  oxidation.  It  oxidizes  rapidly  in  the  air,  absorbs  carbon  dioxid 
with  vigor,  and  is  scarcely  soluble  in  water. 

Ferric  Oxid,  FcjOg,  occurs  native  as  the  mineral  hematite  or 
specular  iron  in  rhombohedrons  and  scalenohedrons  of  specific 
gravity  5.20.  It  may  be  prepared  by  igniting  iron  compounds, 
especially  the  hydroxids,  sulfate,  and  carbonate.  It  is  a  dark-red 
powder  insoluble  in  water  and  slowly  soluble  in  acids.  It  is  formed 
in  quantities  as  a  waste  product  of  the  manufacture  of  disulfuric  acid 
by  roastin<!:  ferrous  sulfate.  It  is  used  as  a  paint  and  polishing 
powder  under  the  name  of  rouge  or  colcothar. 

Ferric  Hydroxids.— Or//?o  ferric  hydroxicl  re2(HO)6  or  Fe(H0)3, 
is  obtaiiKMl  as  vohuninous  red  precipitate  when  alkali  hydroxids  are 
added  to  ferric-  solutions.  When  boiled  or  gently  heated  it  looses 
water  and  becomes  niononieta  ferric  hydroxid,  FesOCHO)^,  which 
is  the  chief  constituent  of  Ixhj  iron  ore.  On  further  heating  it  be- 
comes tlie  (iini(4a  Fo^^K/HO)^,  which  occurs  native  as  pyrosidcrite. 
There  is  also  the  hydrate  Fe/)3(H())„,  the  native  limonite  or  hroicn 
hematite,  which  is  theoretically  obtained  by  taking  six  molecules  of 
water  from  two  molecules  of  the  orthohydroxid  : 

2Fe,(nO).,  -  6H3O  =  Fe,03(nO)o. 

If  freshly  jirocipitated  ferric  hydroxid  is  dissolved  in  ferric  chlorid 
or  acetate  and  dialyzed.  a  red  solution  of  Fe2Oo(H0)2  is  obtained, 
which  is  used  in  medicine  under  the  name  of  liquor  ferri  diahjsati. 
Upon  long  standing  or  upon  addition  of  a  few  drops  of  an  acid  the 
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^'droxid  h  precipitated*     Ferric  hyilroxid  is  the  best  antidote  for 
im\m\  poisoiiitig. 

Ocher,— Tlie  ieriii  ocher  is  apjilied  to  Tarious  native  pigments, 
frbich  usiudly  consist  of  fcrrir  uxid  or  hydroxid  mixed  witli  silica 
ad  clay.   The*  colors  are  i-e<l,  orange,  yellow,  and  brown,  with  all 
iterniediate  shades,  and  they  are  called  respectively  yellow  ocher, 
foc/kT,  etc*.    The  color  is  mainty  due  to  the  iron,  and  hence  they 
very  permanent.    They  are  especially  adapted  for  wood-filling 
and  frei*co-wurk,  and  art*  also  used  in  tlH-^  rriannfacture  of  j^aper,  oil- 
sloth,  and  Ibuileum.     Special  names  are  itulian  red,  onmt  ydlow, 
^w  »itmfiaf  and  Romaft  ocher.    The  color  i?  {leepeaed  by  bnmingj 
in   burnt  siaiim  and  hurwt  Roman  orker.     Vimctmn  red  is  pre- 
%n<\  bv  calcining  fei'rons  sulfate.     Mars  red  and  Mars  orange  are 
so  artificial  preparations. 

Ferrous  Ferric  Oxid  tir  Magnetic  Iron  Oxid,  FcgC  \^,  occurs  na- 
ive as  the  loirieral  magnetite  (loaiLstone)  \x%  black  octahedrons  and 
lecaliedrons  <jf  specific  gl'a^lty  5. IS.     It  is  formed  when  iron  is 
irncd  in  the  air  or  oxygen*     Iron  scales  from  the  forge  are  a  mix- 
^re^  of  FejOg  and  Fe^O^.     It  is  also  foimed  when  carbon  dioxid  or 
pam  is  passetl  over  heated  iron.     It  is  a  hard  black  brittle  polid 
soIuIjIc  in  water  and  slowly  soluble  in  acids.     If  alkali  hydroxirls 
added  to  its  solution  in  hydrocldoric  acid  a  black  magnetic  pre- 
>itate  of  Fc(HO\.Fe/\  falls. 

Fern  tes,— The   fprrie  hydros  ids  are  ba^ie  and  do  not  dit^solve  in  the 

kalis  to  form  saltn,  but  stiU  they  show  weak  iicidic  properties,  since  cer- 

^in  eorrifiounds  exist  which  may  be  supposed  to  be  derived  from  them 

Hd  which  fire  called  jcrriirs.     Examplc^^  are  barium  ferrite,  BaFe,0(, 

t/n'wni  ferritPf  CaFc^O^,  and  zrnc  ffrritf,  ZnFe-jO^;  the  la.^t  occurs  native 

"as  the  mineral  fmnkiunl^. 

Ferrates.^ — XehhtT  the  compound  FeO,  nor  its  hydroxide  have  been 
fornred,  but  there  are  salts  of  the  liypothctjcal  ferric  acid,  H^FeO^,  called 
ratfs, 

PotAfisium   Ferrattj  K^FeO^,  formed  by  heating  iron  with  potassium 
Itrate  or  by  passiji^  chlnrin  through  a  solution  of  potassium  hydroxid 
Vntiiiiiijjg  sus|>endetl   ferric  hydroxid.     Potti-ssiiun  hy|>ochlorite  m  first 
rminl  tend  this  oxidizes  tlie  iron.    The  solution  ha?  a  violet  color. 

Iron  Sulfids.— Iron  foraissulfids  and  hydrosulfids  almost  exactly 
aalagous  to  the  oxi<ls  and  bydroxids.    They  are  somew^hat  more 
Didic  than  their  oxy^^en  analogues,  ^inee  the  tliioferrites  are  more 
Broua  than  the  ferrites. 
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Iron  Salts. — Iron  is  chemically  quite  active  and  fomis  salts 
with  all  the  acids.  The  ferrous  salts  are  generally  easily  oxklized 
to  the  ferric  and  the  latter  are  the  more  stable.  They  are  mtvstly 
[^luhle  ill  water  and  all  are  soluble  in  acids.  There  are  basic  salts 
i  aba  many  double  ^Its. 

Ferrous  Perchlorate,  Fe(C10^}3,6H;,0,  light-^een  deliquescent  crj'stals. 
The  bromatet  iodot*?,  and  periodate  of  iron  are  desc^ib^?d. 
Ferrous   Sulfite,  FeSO,,  and  ferrous  thiosul file,  FeSaOj^  ai*e  formed 
en  iron  is  dissolved  in  siilfurous  acid.     The  former  being  less  soluble 
parates  out  in  green bh  crystals. 

Ferrous  Sulfatei  FeSO^^TH^O,  is  commonly  known  m  copperas  or 
en  vitriol.  It  is  preparetl  by  dissolving  iron  in  dilute  sulfuric  acid 
'  the  oxidation  of  iron  disulfid  in  moist  air.  It  oceurK  native  as 
intmle  and  in  solution  in  n^any  waters,  It  haa  sjx»eitic  gravity 
and  is  dimoqihous,  crj^stallizing  in  monoelinic  and  rhoiiibic 
sms.  It  is  quite  sohible  in  water,  HK)  parts  dissolvifig  61  parts 
at  10°,  160  St  m^,  and  333  at  HXP,  There  are  several  erv^^talline 
fdrates,  aU  of  which  becume  at  ItKP  FeSOj.HX),  and  at  a  higher 
iperatnre  are  anhydrous.  It  easil\'  oxidizes  to  feiTic  sulfate  and 
when  igidted  decomposes,  leaving  a  residue  of  FV^Oj. 

Ferric  Sulfate,  ^^^{SOJa,  is  obtained   as  a  wftite   powder  or 

sniall  coastals  by  oxidizing  ferrous  sulfate  with  nitric  or  sulfuric 

.  acid*     It  is  slightly  soluble  in  %vatcr  and  insi>luble  in  strong  sidfuric 

id.     It  forms  ha.sic  and  double  salts,  the  most  important  of  the 

tter  being  the  Iron  aloms  which  are  obtaitied  by  treating  ferric 

fidfate  with  alkali  sulfates.     Examples  are:  Potassium  iron  alum, 

Fc(80,)j,12H/>;  sodium  iron  alum,  NaFe(804)5;l2HX);  ammo^ 

wni  iron  alum.  NH.FeCSOJj.nHjO- 

Ferrous  DisuUate,  FeSp,,  is   fotrned  by  the  action  of  sulfurie  acid 
on  concentrated  solution  of  ferrous  sulfate. 

Other  iron  salts  belonging  here  are  selenites,  selenates,  tellurites,  tel- 
lurates,  molybtlates,  tungjstates,  and  uranatefi. 

Ferroti3   Hitrate,  Ft'fXOJ.,  is  an    unstable,  very  soluble  com|>ound 
obtainnl  liy  tiiftsolving  iron  in  cold  dilute  nitric  acid  or  by  treating  fer- 
i  sj^iilfate  with  barium  nitrate. 

Ferric   Nitratoj  Fe(KO,)„  is  formed  when  iron  is  dissolved  in  nitric 
{id.     It  separates  from  solution  in  ver>^  deliqiiescent  crystals  containing 
9  nipleculcs  of  water*   It  is  tised  as  a  mordant  in  dyeing  and  calico- 
rinting. 
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Ferrous  Sulfld,  FeS,  is  obtained  as  a  dark-gray  metallic  solid 
by  fusing  together  iron  and  sulfur,  or  as  a  black  precipitate  by 
action  of  alkali  sulfids  upon  ferrous  and  ferric  solutions,  the  latter 
being  first  reduced.  When  moist  it  oxidizes  to  ferrous  sulfate  and 
when  heated  in  the  air  it  yields  ferric  oxid  and  sulfurous  oxid.  It 
dissolves  in  dilute  acids,  evolving  hydrogen  sulfid,  and  its  most  im- 
portant use  is  in  the  manufacture  of  this  gas. 

Ferric  Sulfid,  Fe,S„  is  a  yellow  metal-like  scdid  prepared  by  heating 
iron  and  sulfur  together  in  proper  proportions. 

Thioferrites  are  derivatives  of  the  hypothetical  meta  tkioferrous  add^ 
HFeS,,  or  FeS(SH).  Examjdes  are  the  alkali  thioferrites  and  the  native 
copper  pyrites,  which  ]a  a  cuprous  thiofernte,  CuFeS^  or  Cu-^6 — Fe  -  S. 

Iron  Disulfidy  FeS,,  occurs  native  as  iron  pyrites,  often  called 
fooTs  gcldy  in  various  forms  of  the  cubical  system  and  as  maroMiU 
in  rhombic  crystals.  It  is  insoluble  in  water  and  not  easily  attacked 
by  acids,  but  dissolves  in  hot  strong  hydrochloric  acid,  with  libera- 
tion of  sulfur  and  hydrogen  sulfid. 

Iron  pyrites  is  often  mistaken  for  gold,  but  may  be  easfly  distin- 
guished as  follows:  It  scratches  glass  and  pulverizes  to  a  greenish- 
black  powder,  and  when  heated  gives  off  sulfur  and  tunis  black, 
while  gold  is  soft.and  malleable  and  suffers  no  change  of  cplor. 

Ferrous  Ferric  Sulfid,  FcjS^,  may  be  obtained  by  heating  FeS,.  It 
occurs  native  with  generally  a  smaller  proportion  of  sulfur,  mostly  Fe^„ 
in  bronze-yellow  hexagonal  prisms,  magnetic,  and  of  specific  gravity  4.4, 
and  often  containing  a  few  per  cent  of  nickel. 

St4enids  and  tellurids  of  iron  have  been  prepared. 

Iron  Nitrid,  FcgNf?),  is  obtained  as  a  gray  metallic  solid  by  action  of 
ammonia  u]>on  anhydrous  iron  clilorid. 

Iron  Phosphid,  Fe^P(?),  is  obtained  by  heating  iron  phosphate  with 
carbon  under  a  layer  of  sodium  chlorid. 

Iron  Arsenids. — The  compound  ^cAs  is  obtained  by  fusing  arsenic 
and  iron  together.  U'dUngik  is  FeAaj,  leucopyrUe  is  Fe^As,,  and  arseno- 
pyn'fc  is  FeAsS,  or  Fe  =  As. 

Iron  Carbids. — Iron  unites  to  carbon  as  in  white  pig  iron,  but  it  is 
in  the  nature  of  an  alloy  rather  than  a  definite  compound.  Several  car- 
bids  have  been  described,  however,  as  follows:  Fe,C,  FeC,  FeC.,  FeC,. 

Iron  Silicids.^— Iron  alloys  with  silicon. in  various  proportions,  forming 
the  commercial  ferrosilicons.  At  least  two  definite  compounds  have 
been  separated:  FcjSi,  crj'stallizing  in  prisms,  and  FeSi,  crystallizing  in 
regular  tetrahedra. 
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Iron  Salts.  ^Iron  is  chemically  quite  active  and  forms  salts 
with  all  the  acids.  The  ferrous  salts  are  generally  eaf^ily  oxidized 
to  the  ferric  ami  the  ktter  are  the  more  stable.  They  are  mtistly 
scjluble  in  water  and  all  are  soluble  in  acids.  There  ai'e  basic  Halts 
and  abi>  many  double  s^alt^s, 

Ferfous  Perchbrate,  FV(ClO,)2,nH,0,  b^ht-p-ecn  ddiquesrent  crystals. 

T!jo  bronmte,  iodalt%  ami  pcrioiliite  ot  iron  are  dcBcribcd. 

P«iT0U8  SuUto,  FeSO^,  luid  ferrous  thiosuUite,  FeH^Oj,  are  fonnetl 
wlien  iron  is  dijieolvt^d  in  sulfurous  acid.  The.  former  being  less  sohible 
scjiaratc^  out  in  ^rconish  crystals. 

Ferrous  Sulfate,  FeSOiJHjO,  b  commonly  known  as  copperas  or 

vn  tntrioL  J  t  is  i>re(>ared  by  diK^olving  irtm  in  dilute  sulfuric  acitl 
'  by  the  oxidation  of  iron  disulfid  in  moist  air*  It  occurs  native  m 
fnrJmderite  and  in  solution  in  many  waters.  It  has  specific  gravity 
1,9  and  is  dimorphous,  crystallizing  in  monoclinic  and  rhombic 
pri^sms.  It  is  quite  soluble  in  water,  ItXl  [larts  liissolviug  61  parta 
at  Iff,  150  at  33^,  and  333  at  mr.  There  are  several  cr}*Malline 
rd rates,  all  of  which  become  at  KM)^  FeSO^.H^O,  and  at  a  higher 
emperaturt*  are  anhydrous.  It  easily-  oxidises  to  ferric  sulfate  and 
wlien  igaited  decomposes,  leaving  a  residue  of  Fe,/),, 

Ferric  Salfatei  Fe^(8i)<)j,  is  olitained  as  a  white  powder  or 
nmail  crj'stab  by  oxiiUzing  femms  sulfate  with  nitric  or  sulfuric 
Did,  It  m  slightly  soluble  in  water  and  insohible  in  strong  sulfuric 
pid.  It  formi*  basic  and  double  salts,  the  most  important  of  the 
^tter  lx*iug  the  iron  alums  which  are  olitained  by  treating  ferric 
Blfate  with  alkali  sulfates.  Examples  are:  PotaAsinm  iron  alum, 
tFeCi^O.llj.riHjO;  sorlium  iron  alum,  NaFe(SO*),pl2H30;  ammo- 
jura  iron  alum,  NH4Fe(SOJj,12HjO. 

FeiTous  Difiulfate,  FeS.Oy,  is   formed  by  the  action  of  sulfuric  acid 
an  concfutratf^d  solution  of  ferroui^  sulfate. 

Other  iron  m\u  belonging  here  are  selenitcs,  selenates,  tellurites,  tel- 
bratcSi  molyb(ii4t**?5,  tun^ptates,  and  nranates. 

Ferrous  Nitrate,  Ft^XO^lj,  is  an  unstable,  vory  Rohible  rnrn  pound 
^tainf*d  by  cUr^o lying  iron  in  cold  dilute  nitric  acid  or  by  treating  fer- 
&US  sulfate  with  barium  nitrate. 

Ferric   Nitrate^  I'e(XO,),i  is  fomied  when  iron  is  dissolved  in  nitric 
acid.    It  sr|}Hrates  from  t^olution  in  very  deliqntiscent  crj^tals  containing 
9  mol<?culcs  of  water.    It  is  used  m  a  mordant  in  dyeing  and  calico- 
inting. 
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Ferrous  Phosphate,  Fe3(P04)2,8H20,  occurs  in  monoclinic  ^prisms  as 
the  mineral  vivianite.  It  is  precipitated  by  ferrous  sulfate  from  sodium 
phosphate  solutions  and  used  as  a  medicine.  When  iron  is  dissolved  in 
phosphoric  acid  the  compound  HFePO^jH^O  is  obtained. 

Ferric  Phosphate,  FeP04,4HjO,  is  precipitated  by  sodium  phos- 
phate from  solutions  of  ferric  chlorid  as  a  yellowish  powder.  It  is  in- 
soluble in  water,  soluble  in  acids  except  acetic.  It  is  precipitated  from 
its  acid  solutions  by  ammonia  and  the  precipitate  is  not  dissolved  by 
acetic  acid.  In  this  way  it  may  be  separated  from  the  alkali  and  alkali- 
earth  phosphates.  Several  basic  and  hydrous  ferric  phosphates  occur 
in  nature. 

There  are  also  phosphites,  arsenites,  arsenates,  and  vanadates  of  iron. 

Ferrous  Carbonate,  FeCOj,  occurs  native  as  siderile  or  spathic 
iron  ore  in  rhombohedral  crystals.  It  may  be  obtained  by  precipi- 
tating ferrous  sulfate  solution  with  sodium  carbonate  as  a  white 
powder,  soon  turning  brown  from  oxidation.  It  dissolves  in  acids 
and  water  containing  carbon  dioxid  and  is  the  characteristic  con- 
stituent of  chalybeate  waters. 

Ferric  carbonate  cannot  be  isolated  because  of  its  instability. 
If  sodium  carbonate  be  added  to  a  ferric  solution,  ferric  hydroxid 
separates  and  carbon  dioxid  is  evolved : 

2F0CI3  +  3Na,C03  +  3H2O  =  6NaCl  +  2Fe(HO)3  +  SCO,. 

Iron  Carbonyl. — Finely  divided  iron  absorbs  carbon  monoxid,  giving 
rise  to  irofi  pcntacarhonyl,  Fe(C())5,  a  pale-yellow  liquid  of  specific  gravity 
1.47,  boiling-point  103°,  and  freezing-point  -  21°.  Other  compounds 
are  Fe(CO)^  and  FejCCO);,  the  latter  .being  a  crystalline  solid.  The  for- 
mula siig2;oste(l  for  the  j^entacarbonyl  is  CO<pQ /-,Q>Fe. 

Iron  Silicates. — Ferrous  and  ferric  ortho  and  meta  silicates  occur  as 
constituents  of  nearly  all  silicious  rocks  except  quartz.  Ferric  iron  re- 
f)laces  aluminum  and  ferrous  iron  the  alkalis  and  alkaline -earth  metals 
to  form  complex  double  silieates. 

Iron  Borates. — Ferric  borate,  Fe/BO,) 2,311,0,  has  been  found  native. 
Basic  borates  are  formerl  by  the  action  of  alkali  borates  upon  ferric  salts. 
There  are  also  double  borates  of  iron  and  the  alkali  metals. 

COBALT. 

Symbol  Co.  Atomic  weijijht  59.  Valence  II  and  III.  Specific  grav- 
ity 8.0.     :\reltino:-point  1200°. 

Occurrence. — Cobalt  is  found  free  in  meteorites  and  in  the  atmos- 
phere of  the  sun.     Combined  it  is  rare  and  not  widely  distributed. 
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principal  native  compounds  are  smaltite,  CoAsji  cobalHte  (cobalt 

aoe),  CoA^,  and  erythnte  {cotialt  bloom),  CoaA&^OijSH^O.  In 
all  these  ft  portion  of  the  cobalt  m  often  replaced  b\^  iron  or  nickel. 

History,— The  name  cobalt  is  from  the  German  koboldfUn  evil 

itf  and  was  given  to  certain  ores  from  which  the  miner  could 

^ot  obtain  the  expecte<l  metal.     The  ^anie  ores  were  used  in  tlie 

preparation  of  ^malt,  a  potassium  cobalt  glass  of  fine  blue  color, 

The>metal  was  fiirst  prepared  by  Brandt  in  1733^  and  was  more  care^ 

fully  studied  by  Bergman  in  1780* 

Preparation.— <;*oba It  is  obtained  by  reducing  the  oxid  or 
chlorid  with  hydrogen  or  carbon  or  by  igniting  the  oxalate  under 
powdercxl  gla,s,s. 

Physical  Properties-— Cobalt  is  iron-white  with  a  tinge  of  red, 
has  metallic  luster,  takes  a  fine  polisli,  is  harder  than  iron,  and  haa 
specific  gravity  8*7  to  8.9,  At  re<l  heat  it  is  malleable  and  ductile 
and  at  1200'^  absorbs  carbon  and  melts. 

Chemical  Properties,— Oobalt  tarnishes  slightly  in  moist  air. 
When  finely  tiivided,  as  when  it  is  obtained  by  reducing  the  oxid 
with  hydrogen,  it  oxidises  rapidly,  often  with  incandescence.  It 
bums  when  heated  in  the  air  to  Co^Oi,  and  decomposes  st^am, 
bect>niing  CoO,  It  dissolves  slowly  in  most  acids,  evol\ing 
hydrogen :  rapidly  in  nitric  acid,  liberating  nxids  of  nitrogen. 

Daes-— Cobalt  has  limited  application  in  the  arts.  The  oxids 
areuacd  for  coloring  glass  and  porcelain  blue, 

COBALT   COMPOUNDS. 

Cobalt  yields  two  principal  elementary  ions  Co*'  aid  Co**'  or 
(Coj)«,  which  give  rise  to  cobaltous  and  cobaltic  compounds, 
the  fonner  being  most  abundant.  It  also  forms  a  nmnl>er  of 
complex  ions,  Hydrous  cobaltous  salts  are  pink,  while  without 
wat-er  tliey  are  blue.  Thermal  equations  are  as  follows:  (CojH^^Oj) 
^  131.800  cal,  (Co.Clj)  =  76,500  cal,  (Co,S,Aq,)  =  .19,700  caL, 
(Co.aO^.AqJ  =  230,500  cal. 

Ckibalt  Halids,-— The  cobalt  halids  are  formed  by  direct  union 
of  the  elements  or  by  dissolving  the  nxid  or  carbonate  in  the  haloid 
flcidx.  They  cr>"stallize  with  6H3O,  which  they  gradually  lose 
when  heated.    At  120''  to  130°  they  are  anhydrous. 

Cob&U  Fluorid,  r^F„2H^0,  forms  rose-colored  erysitals, 

Cabalt  Chlarid,  C0CI3,  a  blue  crj^stalline  solid,  dissolves  in 
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alcohol  to  a  blue  solution,  which  turns  red  upon  dilution.  It 
crj'stallizes  from  water  in  red  monoclinic  prisms  of  CoCljjGHjO.  If 
writing  be  made  upon  white  or  pink  paper  with  the  aqueous  solution 
it  is  invisible.  If  the  paper  be  heated,  the  letters  appear  in  bright 
blue,  and  on  exposure  to  moist  air  they  disappear  again.  Such  a 
liquid  is  called  sympathetic  ink. 

Cobalt  Bromid,  CoBfj,  is  a  green  deliquescent  solid  which  forms  sev- 
eral crystalline  hydrates,  the  most  important  of  which  is  CoBr2,6HjO. 

Cobalt  lodid,  Col^,  is  a  black  solid  which  forms  green  crystals  of 
Col,,2H  fi  and  red  crystals  of  CoI„6H,0. 

Cobalt  Cyanid,  Co(CX)2,  is  a  reddish  so  id  which  cr^'stallizes  with 
2H,0. 

Cobalto  and  Cobalt!  Cyanids.— These  compounds  are  exactly 
analogous  to  the  ferro  and  ferri  cyanids.  The  cobalto  cyanids  read- 
ily oxidize  to  the  cobalti  forms,  and  hence  are  not  easily  prepared. 
Examples  are:  Potassium  cobaltocyanid,  K^CoCCN)^;  potassium 
cobaltieyanid,  Kj,Co(CN)8. 

Cobalt  Ozids. — The  two  oxids,  cobaltous,  CoO,  and  cobaltic, 
C02O3,  are  both  basic  and  form  hydroxids;  the  third  oxid,  CojOi, 
is  a  mixed  compound  of  the  other  two,  or  a  cobaltous  cobaltite, 
CooCoO^. 

Cobaltous  Oxid,  (\)0,  is  obtained  by  reducinjij  the  higher  oxids  with 
hydrogen  or  hy  licatin'^  oxids  or  carbonate  away  from  the  air.  It  is  a 
gray  i)()wd(T  insoluble  in  water.  Zaffre  is  an  impure  cobaltous  oxid  ob- 
tained from  eol)alt  ores.     It  generally  contains  arsenic  and  nickel. 

Cobaltous  Hydroxid,  (>)(H0),,  is  precipitated  from  hot  cobaltous 
solutions  })y  alkali  hydroxids.  It  is  a  rose-red  powder  which  readily  oxi- 
dizes to  cohahie  hytlroxid  and  dissolves  in  acids  to  form  cobaltous  salt^. 

Cobaltic  Oxid,  Co.Oj,  is  obtained  as  a  brown  i)owder  by  i^iting  the 
nitrat<\ 

Cobaltic  Hydroxid,  CofHOg,  is  obtained  by  oxidizing  the  cobaltous 
hydroxiil  or  by  treat in<r  a  cobaltic  salt  with  an  alkali  hypochlorite.  It 
dissolves  in  afid-  to  form  unstable  cobaltic  salts. 

Cobalt  Tetroxid,  (o,0,,  is  a  black  jiowder  obtained  by  heat in^r  the 
oxid,  hydroxid,  or  nitrate  with  free  access  of  the  air.  It  is  ini>oluble  in 
water  and  nc'uU  «'xe»»pt  sulfuric. 

Cobaltates. — Cobalt  dioxid.  CoO^,  and  its  corresponding  acid,  HJV^, 
have  not  been  isolated,  but  a  few  salts  of  the  acid  are  known.  An  ex- 
ample is  tfidi/Nisiinn  rohditntr,  Mj^CoO^. 

Cobaltous  Sulfid,  C'oS,  falls  as  a  black  hydrous  precipitate  when  co- 
baltous salt<  an^  treated  with  ammonium  sulfid.     It  dissolves  in  the  acids 
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except  acetic.  The  anliydrous  compound  is  obuiiied  m  a  bronze  color* 
less  solid  by  beating  cobaltous  o.\id  with  sulfur. 

Other  cobalt  suiiids  are  CojS,,  and  Co8,j  obUiineil  by  heating  eobaltous 
fiulfid  vv.th  sulfur*    The  lormer  occurs  native  as  Ixmia^tU. 

Cobalt  with  lYiiroget),  PhosphoruSi  And  Arsenic, —LVibiilt  dtjes  oot 
miilL'  vvilh  uiU'ogen  and  fornji*  a  rather  loose  tiorniMjuntl  with  phosphorus. 
With  ai*s4-*nie  the  union  h  more  dehnite.  Native  fom pounds  are  9ku^ 
Urrudiki  Co^isi ;  $n^iie^  UoA%  and  adfuUik^  Co  Asi?* 

Cdbalt  Car  bid* — Heated  cobalt  absorbs  carbon  like  iron,  but  definite 
Bipunndi?i  hii\'e  not  been  lE^olated* 

Cobalt  Sihddj  Co,Si,  k  obtained  by  fusing  the  elements  together. 

Cobalt  Salts. — Cobalt  forms  salts  similar  to  those  of  iron.  They 
are  obtahied  by  dissolving  the  oxid  t*r  carbtjuate  in  the  acidic.  The 
solutions  arc  usually  pink,  but  when  eoncentrst'ed  or  heated  they 
are  blue.  The  change  of  color  is  due  to  the  change  in  degree  of 
hydration.    Cobaltie  m,lis  are  unstable. 

Cobaltous  Sulfate,  Co80^,7H^O,  t^rj-stallbes  in  red  prisms  of  specific 
gravity  IM2,  It  has  a  nietallicj  a-stringent  titste,  dissolves  in  water,  and 
looses  ItH  water  of  crj'stalHmtlon  eanily  when  heated. 

Cobaltotts  Mitrau,  Ca(NOji) 2,611^0,  forme  red  crystals. 

Cobalt  Phi»jiliate4.^iS'umerou!?  phosphaips  of  cobalt^  ortho,  meta, 
and  p3  ro,  have  been  prepare^l.  Tbey  are  generally  in.sohjble  crystalline 
salt^,  single  or  double^  with  more  or  less  w^ater  of  crystallization. 

Cobalt  Alienates  are  similar  to  the  pliOBphateiL  ZaiTer  contains  an 
impure  bu-^ic  arsenate,  CoOCA^sOj^. 

Cobaltous  Carbonate,  CofOj,  is  a  red  finely  crystal  in  e  powder  ob- 
tainfd  by  heating  together  cobalt^ua  cblorid  and  hydrogen  sothura  car- 
Ixinate.  Tlie  liydrous  salt»  Co00j,6H,0,  is  prepared  by  decomposing 
cobaltous  nitrate  w^ith  sodium  carbonate. 

Cobalt  Silicates. — TTobalt  form.^  double  silicates  with  the  alkalis  in 
th**  Urrm  of  tin-  blue  glans  called  smalt ^  and  is  much  used  in  the  nianu- 
faclure  of  art  irla>w  an<l  porcelain.  Powdered  smalt  is  used  as  a  pigment. 
Cuhalt  him  iThenard's  blue)  contains  a  potassium  or  sodium  robaft  a!u- 
minate. 

Ammonio-cobalt  Salts.^("V>balt  forms  two  serie-s  of  complex  eom- 
is  with  amnioniu  find  acid  radicals,  Tiie  ammonio  cohnUoun j^om- 
|Snunrb  arc  formcfl  by  dissolving  eobalt^us  salt^  in  f^trong  ammonia  aw^ay 
from  the  air.  Only  a  feu-  liavf  bwn  prepared,  all  of  the  iy|>e  Co(NHj)4C1„ 
in  whicli  t)io  clilorin  may  be  Replaced  by  acid  radicals. 

Tlie  amnmnio  pokdlic  compwiunds  are  more  numerous  and  more  atalije. 
Tljey  arc  obtainerl  by  treating  cobaltic  compounds  with  ammonia  in  the 
•nee  of  the  air  or  other  oxidizing  agents.    Their  structure  b  not  cer- 
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tainly  known.  They  contain  trivalent  radicals  in  which  the  cobalt  atom 
is  combined  with  ammonia,  as_  [Co(NH5)„]'",  in  which  n  is  equal  to  3, 
4,  5,  or  6.  They  are  hence  of  four  types  and  the  chlorids  may  be  taken 
as  illustrations.  Tljie  following  formulas  are  suggestions  of  probability 
and  do  not  represent  ascertained  structure: 

First  type — Triammonio  cobaltic  chlorid  (Dichrocobaltic  chlorid): 

Co(NH,)3Cl,;    Co(NH-Cl),. 

Second  tyi>e — Tetrammonio  cobaltic  clilorid  (Praseocobaltic  chlorid); 

co(XH),aa,;  Co<gHi;:5H^-«. 

Third  tyi)e — Pentammonio  cobaltic  chlorid  (Roseocobaltic  chlorid 
hydrous  and  Purpureocobaltic  clilorid  anhydrous) : 

Co(NH3)Aa;    Co'\J>jJJi:J'^-^)^ 

Fourth  type — Hexammonio  cobaltic  clilorid  (Luteocobaltic  chlorid): 

CoCXHJ.a,;    Ck)(i\H,— XH3— a),. 

The  chlorin  in  these  comj^ounds  may  be  replaced  by  (HO),  (XOJj-or 
any  negative  acid  ion,  as  (S0«)",(N0J',  etc.  Again  in  tj^xis  2  and  3  tk 
radical  connected  to  the  cobalt  by  2(NH,)  dissociates  more  easily  than 
the  others,  so  that  two  or  more  classes  of  derivatives  may  be  formed. 

NICKKL. 

Symbol  Xi.  Atomic  weifjht  5S.7.  Valence  II  and  III.  Specific 
gravity  S.9.     Melting-point  i:)(X)°.    Specific  heat  0.109. 

Occurrence. — Xickol  occurs  free  in  meteorites  and  in  the  at- 
niosphcMT  of  the  sun.  The  principal  native  ores  are  niccolitc  (kupfer 
nickel).  XiAs;  nirkd  (jlanrr,  XiAsS;  nickel  blende,  XiS.  Xickol  is  a 
constituent  of  many  ores  and  is  nearly  always  associated  with  cobalt, 
frecpiently  with  iron,  arsenic,  antimony,  and  bismuth. 

History. — The  name  kupfcrnickel  (false  cojiper)  was  applied  to 
the  native  nick(4  arsenid  because  it  resembled  copper  ore,  but 
yieldcMl  no  copper.  The  last  part  of  the  name  was  given  to  the  ele- 
ment by  Cronstedt,  who  discovered  the  metal  in  1751. 

Preparation. — Xickel  is  obtained  as  a  gray  powder  by  reducing 
th(^  oxid  in  hydrogen,  as  a  solid  ma.ss  by  igniting  the  oxalate  or 
reducing  the  oxid  with  carbon. 

Physical  Properties. — Nickel  is  a  silver-white  metal,  malleable 
and  ductile,  takes  a  fine  ])olish,  has  about  the  hardness,  melting- 
point,  and  magnetic  projx^rties  of  iron,  and  specific  gravity  8.9. 
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Chemical  Properties,— Niekel  tarnishes  slowly  in  moist  air^ 
but  in  fine  powder  takes  fire  easily  and  bums  to  NiO.  It  absorbs 
carbon  monoxid  to  form  nickel  carbonyl,  Ni{C0)4,  a  liquid  which 
^ils  at  43°  and  is  solid  at  —  25"^.  It  dissolves  in  dilute  hydrochloric 
id  suifiiric  acids,  with  evolution  of  hydrogen.  With  strong  sulfuric 
acid  SOj  is  given  oil,  and  with  nitric  acid  NO.  It  dccompost\s  steam 
slowly  at  red  heal.  When  dippetl  in  strong  nitric  acid  it  becomes 
pamim  like  iron.  The  soluble  nickel  compounds  are  quite  poison- 
ous. 

Nickel  Alloys* — Nickel  forms  aUoya  with  other  metals »  Those 
of  most  importance  are  Gennan  silver  and  nickel  coin. 

German  mlver  is  an  alloy  of  nickel j  copper,  and  2inc  in  var^^ing 
proportions^  generally  about — copper  5,  nickel  2,  and  zinc  2»  The 
addition  of  2  per  cent  of  iron  makes  the  alloy  whiter,  harder,  and 
more  brittle. 

Nickel  coin  of  the  United  States,  Gern\any,  and  Bol^ura  containa 
one  part  cvf  nickel  to  three  parts  of  copper. 

Nickel-plating-— Nickel  in  much  used  in  clt^ctroplating  other 

Kjtalij,  cspecialiy  iron  and  FteeL     It  protects  the  iron  well,  is  hard 
d  durable,  and  makes  a  beautiful  iwlishtHi  surface*      ^ 
KICKEL   C(JMPOUNDS. 

Nickel  compounds  are  similar  to  those  of  iron  and  cobalt. 
Nii'kel  haa,  however^  no  trace  of  negative  quality  and  forms 
neither  acid  nor  niekelate.  Tlie  elementAT\'  ion  k  Ni"%  green. 
Tliere  are  a  few  niekelic  compounds^  but  they  are  easily  reduced. 
The  eoniplex  ions  are  similar  to  those  of  cobalt, 

Hkkd  HaHds.— The  nickel  lialids  may  be  obtainefl  anhydrous  or  hy- 
drous, 

Ifickel  Fluorid,  XjFj,3H.n,  lihn>j^wn  crystals, 

nickel  Chiorid,  NiClj,  prep:i,red  hy  direct  union;  golden-yellow  scales. 
From  sohition  it  forms  j^ellow  cr^'^tols  of  XIClj,6HjO. 

Hickcl  Bromid,  XiBrj,  yellow  scales;  NiBr,|.3H,0^  green  crysrtals. 

Fickd  lodid,  Nil  J,  black  lustrous  scales  j  NiIj,6HjO,  green  crj'st^Hb. 

prickel  Cyanid,  Xi(CK)i,  gvmn  solid;  forms  several  hydrat^^. 

Hickel  Ferrocyamd,  Ni^FefCX),.  .and  nickel  fcrricyanid,  Ni|Fe(CN)  J^; 
and  numerous  double  and  mixed  ferro  and  ferricyanids  have  been  pre- 
pared. 

Hiekel  OjHd,  XIO,  is  obtained  as  a  green  powder  by  igniting  the  hy- 
droxid,  carbonate,  or  nitrate*     It  does  not  oxidize  further  in  the  air  and 


604  nrOSGANIO  CESM2BTBT.  [CSh.  XXXDC 

is  easily  reduced  1^  oarbon  or  hydrogai.    It  dJBBolves  in  aeids  to  fonn 
nickelous  salts. 

Hickd  Hydroiid,  Ni(HO),y  is  predpitated  as  a  green  powder  £pom 
nickdous  sdutions  l^  alkali  hydrozids*  It  dissolves  in  JwimQwii^  to  a 
Uue  sdution. 

Hkkfllic  Ozid,  Ni^O^  fa  obtained  as  a  Uack  powder  by  gently  igniting 
the  nitrate  or  carbonate.  When  dissolved  in  acids  it  generally  fomu 
nickelous  sfilts. 

mckelic  Hydiosid,  Ni(HO)^  fa  obtained  as  a  black  solid  t^  pa88ii« 
ehlorin  through  water  containing  nickelous  hydroxid  or  by  treating  a 
nickelous  solution  with  sodium  hypobromiie. 

Hickd  Tetrozid,  Ni^O^,  fa  a  gray  metallic  mass  obtained  by  heatii^ 
nickel  chlorid  to  400^. 

mckd  Sumda.— Nickd  sulfidi  NiS,  occurs  as  miZferds  or  niekd  blemk. 
It  may  be  prepared  by  heating  nickel  and  sulfur  together.    Sevenl ' 
double  sulfids  of  nickel  and  other  metals  occur  in  nature  and  micM  dh 
mdfid,  NiS^  may  be  prepared. 

Hickel  Phosphid,  Ni^,  and  Rckd  Araenid,  NiAs,  are  formed  iriwa 
the  dements  are  fused  togetiia*.    Several  arsenids  occur  native. 

mckd  Silidd,  Ni^,  has  been  prepared. 

IXickd  Salta.— Only  nickdous  salts  can  usually  be  obtained  beeaniB 
of  the  instability  of  nickdic  ccHnpounds.  They  are  ydlow  when  anhj- 
drous  and  green  when  hydrous.  They  are  dosdy  analogous  to  the  oo- 
baltous  salts  and  need  not  be  described  here  in  detail.  A  few  only  will 
be  mentioned. 

Nickel  Sulfate,  NiS04,7H20,  forms  green  crystals  which  loose  their 
wat«r  at  300°.  It  forms  various  double  salts,  the  most  important  0$ 
which  is  nickel  anmionium  sulfate,  Ni(NHJ,(SQ)„6H,0,  used  in  nickel- 
plating. 

Nickel  Nitrate,  Ni(NOj)^,  green  monoclinic  crystals. 

Nickel  phosphates,  arsenates,  and  silicates  are  insoluble  in  water  and 
occur  in  native  minerals. 

Nickel  Carbonate,  NiCO,,  is  a  very  unstable  pale-green  crystalline 
powder  obtained  by  heating  calcium  carbonate  with  nickd  chlorid  solu- 
tion. 

Ammonio  Nickel  Compounds. — ^Nickel  forms  a  few  compoimds  with 
anunonia,  as  NiCNH,),^^  similar  to  the  ammonio  cobaltous  compounds. 
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THE  PALLABINOIDS*  PALLADIUM  SERIES, 

Ruthenium  10L7.    Rhodium  103.    Palladium  107, 

These  are  the  trani^ition  elements  of  the  second  long  series  and 
prc^ejit  t  he  usual  gradation  in  properties.  The}^  are  rare  sub^taneos, 
and  the  last  is  the  most  important.  They  are  all  white  metals  ^^ith 
high  melting-points  and  specific  gravity  almut  12.  They  are  basic 
elements f  but  ruthenium  is  weakly  acidic  in  its  higher  valence- 

RUTHENirW* 

Symbol  Ru.  Atomic  weight  10L7,  \"alcnce  II,  III,  I\",  Yl,  Yll^ 
a£id  VIII.    Specific  gravity  12,2tj.     Melting-|>oint  about  2000**, 

Occurrence* — Ruthenium  i^  generiilly  a  constituent  of  pkitinum  ores 
and   osmLridiuDij  and  is  also  found  a^s  the  suifid  in  the  rriineral  hurits 

BiBtOTf^ — In  1S2S  Osann  announced  that  he  had  discovered  three 
new  mentis  in  a  Russian  platinum  ore,  one  of  which  he  calltHl  ndhenmntf 
from  kuOwniaf  a  name  of  Russia.  In  1845  Claus  showed  that  Osann*s 
ruthenium  oxid  fxiustwtttl  mainly  of  other  oxids,  but  still  contaiocd  a 
sDmll  amount  of  a  new  metal,  and  retained  for  it  the  name  ruthenium, 

Preparations—Ruthenium  b  obtained  frouj  the  osmiridium  which 
contains  it  by  a  process  too  complicated  to  be  here  described.  It  may 
be  prepared  by  reducing  the  oxid  witli  carbon  or  hydrogen. 

Proper  Ilea, — Ruthenium  is  hard,  white,  lui^trous,  and  brittle  and  has 
sj^^fitic  gra>^ty  12.26.  It  is  one  of  the  most  difficultly  fuj=ible  of  all 
nu4als,  melting  about  2000"^,  It  is  uachangetl  in  the  air,  but  oxiidiasea 
slowly  when  melted.  It  b  not  attacked  by  acid^^  but  when  finely 
diyirlcd  unites  to  ehlorin  and  dissolves  in  hot  aqua  regia  and  in  boiling 
alkali  hydroxids.  It  alloys  witli  tin,  lead,  zinc,  gold,  silver,  and  with 
all  the  platinum  metals. 

RUTHENIUM  COMPOIJKDS, 

Tluthenium  forms  numerous  cora|K)unds  exhibiting  valences  from 
II  to  VIIL  It  is  usually  basic,  but  forms  salts  of  the  hypothetical  ru- 
thenic  acid,  H  JiuO^,  as  wrll  as  haloruthenates  like  KjRuCl^, 

Ruttieaiuiii  Halids. — Ruthenium  forms  tliree  series  of  halids  with 
valences  11,  III,  and  IV, of  which  the  chlorids  may  be  taken  as  examples. 

Ruthenium  dichlorid,  RuClj,  a  black  insohible  powder. 

Hulhenium  trielilorid^  HuO,  or  RuX-Ia,  yellow  cn^stals. 

Ruthenium  tetraclilorid,  RuCl|.  found  mainly  in  combination  with 
Other  chlorids  a®  clilororuthcnatcis,  as  2K(1,RuClj  or  K^RuCl^, 
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Ruthenium  Ozids. — Ruthenium  forms  no  less  than  six  oxids:  RuO| 
RuA>  RuOj,  RuOj,  RujOy,  and  RuO,.  Two  of  these,  RuO,  and  Ru,0„ 
have  not  been  isolated,  but  are  represented  in  various  compounds.  Ru- 
thenium tetroxid  is  a  volatile,  crystalline  solid  which  melts  at  40°,  boils 
at  100°,  and  yields  a  vapor  which  is  very  irritating  to  the  eyes  and  mu- 
cous membrane. 

Ruthenium    Hydroxids. — The   oxids,  RUjO,  and  RuOj,  yield  the  hy — 
droxids,  Ru,(HO),  or  Ru(HO),  and  Ru(HO),. 

Ruthenium   Acids    and   Ruthenates. — No   acids  have  been  isolateik^ 
The  oxids,  RuO,  and  RUjO,,  form  the  theoretical  ruthenic  acid,  HjRuO 
and  perruthenic  acid,  HRuO^,  whose  salts  are  called  rvihenatea  and  jie^^^ 
ruthenates. 

Ruthenium  forms  ammonio,  nitroso,  and  cyano  compounds  similar 
to  those  of  cobalt  and  platinum. . 

RHODIUM. 

Symbol  Rh.  Atomic  weight  103.  Valence  II,  III,  and  IV.  Spe- 
cific gravity  12.1.     Melting-point  about  1800°. 

Occurrence  and  History. — Rhodium  occurs  in  small  quantities  in 
platinum  ores  and  in  some  native  golds.  It  was  discovered  by  Wallas- 
ton  in  1803.  The  name  is  from  the  Greek  and  means  a  rose,  referring 
to  the  rose-red  color  of  many  rhodium  salts. 

Preparation. — Rhodium  is  prepared  from  the  platinum  residues  by 
first  convert  in*::  it  into  ammonio  rhodium  chlorid  and  then  reducing  this 
by  heating  it  with  sulfur  in  a  carbon  crucible. 

Properties. — Rhodium  is  a  silver-whitx?,  malleable,  ductile  metal  of 
sj)Ocific  gravity  12.1.  It  fuses  with  more  difficulty  than  platinum,  about 
ISOC^.  It  is  insoluble  in  the  acids  and  unchanged  in  the  air.  In  fine 
powder  it  is  an  active  catalytic  agent.  It  forms  alloys  with  platinum, 
gold,  bismuth,  lead,  etc.  If  the  per  cent  of  rhodium  is  small,  the  alloy 
dissolves  in  aqua  regia. 

Rhodium  is  the  most  costly  of  the  noble  metals,  being  worth  about 
five  times  a,s  nuich  as  gold.  Neither  rhodium  nor  its  compounds  has  any 
comme  cial  importance. 

RHODIUM   COMPOUNDS. 

The  most  common  valence  of  rhodium  is  III,  but  it  also  acts  with 
valences  II  and  IV.  It  shows  a  trace  of  negative  character  in  the  for- 
mation of  halorhodates.  Its  compounds  are  similar  to  those  of  iridium 
and  platinum. 
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PALLADILTM, 

Symbol  Pd*    Atomic  weight  106.    Valenoe  U,  lH,  and  IV,    Specific 

gruvity  1L8.     Meliing-poini  1500*". 

Occtirrenee.— Pitllmlium  occurs  in  the  ores  of  platinum,  silver,  and 
seleukun,  and  in  native  gold  from  Brazil. 

Hiscorj. — Palladium  was  discovered  by  Wallaston  in  1S03.  It  was 
nied  for  the  new  planet  l^allas,  which  wim  discovered  by  Gibers  in  1802, 

Prtparatidii. — Palladium  is  separated  from  the  platinum  residues  as 
an  id  or  iodid.     It  is  most  eajsily  obtained  from  Brazilian  gold  b}*^  melt- 

with  silver,  dissolving  in  nitric  acid,  and  dis[^acifig  the  palladium 
ith  m\t. 

Properties, — Palladium  has  the  color,  luster,  and  appearance  of  plati- 
num, but  takes  a  finer  polij^li*  It  is  malleable  and  ductile  and  ia  the 
most  eaifiily  fusible  of  the  platinum  metaJa,  It  melts  at  l^SOO^  and  at  a 
higher  teniperature  yields  a  green  vapor.  It  is  ratfier  easily  soluble  in 
acid^  and  in  a  finely  divided  j^tat^  m  iiighly  catalytic. 

Palladium  is  used  for  the  graduated  surfaceci  of  physical  instruments 
and  for  coating  sih^r  articlee,  especially  mirrors,  because  it  retaiqp  ita 
polish  anti  doc^s  not  tarnish. 

Palladium  Alloys. — Palladium  forms  alloys  with  gold,  silveFj  copper, 
[•rcuryj  nickel,  antimony,  nr.«5enic,  and  the  platinum  metab, 

Paiiadium  Hydrid. — Palladium  ak-!!orbs  at  varitjua  tem|>eratures  from 
400  to  IRK)  times  irs  volume  of  hydrogtii,  forming  an  alloy  or  a  k>ose  com- 
potir^l  from  which  tlie  hydrogen  is  expelled  by  heat.  The  alloy  has  a 
metallic  appeantnce  and  is  lighter  than  paUadium*  having  a  specific 
gravity  ll.tMl  If  a  piece  of  palladium  be  heated  in  a  gii^  ttame  it  l:>e- 
comes  blackencil  with  carbon,  the  palladium  decomfK>smg  the  hydro- 
carbons and  absorbing  the  hydrogen. 

Illustration. — Pass  hydrogen  for  half  an  hour  through  a  U-tube  oon* 

ing  spong}^  palhidiuni  and  immer^^ed  in  boiling  wa(4?r,    .\llow  the 

to  cool  still  filled  with  hydro|,^en  and  connect  witfj  an    invert^sd 

tcr-filletl  cylinder  by  a  deliverj-tube  reaching  the  top  of  the  cylinder, 

heating  the  U*tube  over  the  free  flame  the  hydrogen  m  exjjelled  into 

cylinder^  and  on  allowing  it  to  cool  the  gas  ie  absorbed  again. 

pALL.\mrM  coMPorxDS. 

iim  acta  with  valences  II  and  III,  forming  paJladoua  and  pal- 
ladic  compounds,  the  former  of  which  are  the  most  stable.  It  m  baaic, 
but  shfm?  a  trace  of  acidic  cbaract<?r  in  ttie  halopallmf»tes. 

Palladium  Halids. — Palladium  ^mit«s  ntther  readily  with  the  halo- 
gpiis,  ffinTiing  compounds  such  ii5  pathdom  chkirid^  PdCh/2HjO^  reddish* 
bros\Ti  erystiilfi,  and  nalladic  chlorul,  PdCI,,  a  brown  solution* 
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HalopalUidatBi,— Palladium  forms  halosalts  sueh  aa  folkumium  Manh 
paUadaie,  K,PdCl«,  dkhroic  prisma,  and  ammomum  ehlcrapaUadak, 
(NHJ,Pda«,  bronae-yeUow  cryatala. 

Ammank)  Palladiqin  Compoimda  oonrespond  to  those  of  cobalt  and 
platinum.  Examples  are:  Pailadammania  hydroxide  Pd(NHa),(HO)^ 
ydlow  crystalsi  and  poUadanimoma  eyamd^  Pd(NHa),(GN)„  peariy  ays- 
tals. 

PAlladittm  Oiids  and  Hydroxida. — ^Ptdladium  forms  three  ozids: 

HypapalladotiB  oxid,  Pdfi,  a  blaek  powder  obtained  by  heating  PdO. 

PaUadous  oxid,  PdO,  blaek  powder  obtained  by  heatmg  the  nitrate. 

PaUadic  oxid,  PdO,,  a  blade  powder  obtained  by  jHecipitating  palladb 
cUorid  or  potasdiun  chloropalladate  with  KHO. 

Palladium  does  not  form  hydroxids.  Several  sulfur  oompoioids  aie 
described. 

Palladium  Salts  are  imstable  and  not  numerous. 

THE  PLATINOID&  F!LATINU]f  SEBIB& 
Osmium  191.  Iridium  193.  Platinum  194.8. 
Osmium,  iridium,  and  platinum  are  the  transitioii  elements  of 
the  third  long  series.  Osmimn  is  the  heaviest  and  most  difficult^ 
fusible  of  all  the  elements,  and  platinum  is  the  most  inactive,  pe^ 
manent,  and  durable  of  the  metals  except  gold.  They  are  basic, 
but  osmium,  like  iron  and  ruthenium,  forms  acids  and  iridium  and 
platinum  form  halo  salts. 

OSMIUM. 

Symbol  Os.  Atomic  weight  191.  Valence  II,  III,  IV,  VI,  VIU. 
Specific  gravity  22.48.     Melting-point  about  2500*'. 

Occurrence. — Osmium  is  always  a  constituent  of  platinum  ores,  and 
is  also  found  in  osmiridium. 

History. — Osmium  was  discovered  by  Tennant  in  1804.  Its  name 
is  from  the  Greek  osme,  smell,  referring  to  the  peculiar  odor  of  the 
tetroxid. 

Preparation. — Osmium  is  separated  from  the  metals  with  which  it  is 
associated  as  the  volatile. tetroxid.  This  is  converted  into  the  amalgam 
or  sulfid  and  then  the  metal  is  liberated  by  heat. 

Properties. — Osmium  is  a  bluish,  shining  metal,  harder  than  ^ass 
and  infusible  in  the  oxyhydrogen  flame.  It  crystallizes  in  cubes  or 
rhombohcdrons  and  is  the  heaviest  of  solids,  its  specific  gravity  being 
22.48.  It  bums  in  the  air  to  osmium  tetroxid,  which  has  a  peculiar 
penetrating  odor  and  is  very  injurious  to  the  eyes.  It  alloys  with  metals, 
notably  with  iridium.  It  is  used  in  pointing  gold  pens  and  as  bearings 
for  compass-needles. 
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os^nrM  coMPotrNDS. 

Osmium  is  quite  active,  and  like  the  other  pjatiniini  metals  hafi  a  ten- 
dency to  form  double  and  complex  com|KJunds  with  tlie  halogens  and 
aTiiruouiEi.  It  haf^  no  Ic^  tlmn  five  valences,  as  is  indicated  by  its  oxidf 
and  iJieir  drrivath^es. 

Oamium  Oiids*— ^^Jsmiiun  forms  fi%^p  oxids,  OsO,  (hfi^t  OhO^,  OsO„ 
ObO^,  Tlie  first  tbrec  are  black  powders,  the  fourth  is  represeuted  in  Uie 
salt**  of  osmic  acid^  and  the  fiftli  L^  a  soft  white  erystalline  mAid  which 
sublimes  at  a  low  temperature  and  boil^  about  1 00"^  ,  yiehiing  a  coIorleiSj 
very  poisonous  vajinr,  Tliis  last  m  eti^sily  reduced  to  the  lower  oxids  and 
dissJ^ili'cs  in  u*ater  to  the  iiolutioa  knovvi)  nfi  o.«mie  atrid,  which  is  ased  for 
Iiardeniug  animal  ^eetioag  in  histologit*al  ojjerations.  The  hydroxid 
(h(HO)^  h  formed  when  the  solution  of  the  tetroxid  i^  mixed  with  idcohol 
or  a  re<lueing  a^ent. 

Osmic  Acid,  HiO^O^,  has  not  been  obtained  free*  It  is  no  doubt 
formed  by  reduction  when  n^iniuni  letruxid^  0.^0^,  is  dissolved  in  wat^r. 

Other  Osmium  Compounds.  —  Osmium  con^i>ounds  in  general  re^ 
semble  tliose  of  ruthenium.    The  following  are  mentionwi  for  the  sake 

iU  list  rat  ion: 

Osmium  dic!ilorid,  OsCl,,  green  deliqut^scent  needleSp 

Osmium  triehh>rid,  OsCl,,  purple  amorphous  *solid, 

PutJt5siuiii  chltiroHmite,  K,0sCi,,3H,0,  dtirk-red  crystals, 

Osmimn  tetrae^idlJ^id^  OnCi^,  a  nxl  sublimate. 

Potai^iiiuui  elilorosmate,  K,C)sCl^^  dark-brown  octatieilrons. 

Cyanosmous  acid,  ii^l3s(CK)^,  colorless  hexagonal  prisms. 

Oimium  tctrastdfid,  0.s*S^^  bro\^Tx  powder. 


miDIUM. 

S)-mbol  Ir.  Atomic  weight  193.  Valence  11  and  J\\  Specific  grav- 
ity 22.42.     Meltine;-iw>int  about  2200^. 

Occurrence.— Iridiimi  occurs  generally  in  the  platinum  ores  and  some- 
Smets  in  such  quantity  m  to  give  them  the  names  plaiimridium  and  m- 

History.— If klium  wan  discovered  at  the  same  time  with  osmium 
Jjy  Ttrruiant  ill  imi.  The  name  is  from  tris,  the  rainbow,  referring  to 
lie  varying  colors  of  its  salta. 

Preparation.— Iridium  m  obtained  by  Igniting  ammoniimi  chloriri- 
ite,  (XH^JJrCI^,  wliich  is  obtained  from  osmiridium  or  tlie  platinum 
mlnt*^  liy  proee,<«es  tfio  comjiHrated  to  be  liere  deserilw^d. 

Propertics,~Indium  is  a  liar<l,  white,  lustroui^  nielal  resenibl tng  st«eb 

h  malleable  at  red  lieat,  but.  meltn  rmly  in  the  oxyhydrog»>ij  flame 
nd  in  the  electric  furnare  at  about  2200**    It  is  brittle  and  exceedingly 
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hard  and  has  specific  gravity  22.42.  When  finely  divided  it  is  powerfully 
catalytic.  It  may  be  obtained  in  fine  powder  by  exposing  the  alcoholic 
solution  of  the  sulfate  to  sunlight,  and  as  sponge  by  igniting  am- 
monium cliloriridate.  Massive  it  does  not  tarnish  in  the  air  and  is  not 
attacked  by  acids,  but  in  powder  it  oxidizes  readily  and  dissolves  ia 
aqua  regia. 

Iridium  Alloys. — Iridium  forms  numerous  alloys.  The  native  os- 
miridium  has  already  been  mentioned.  An  alloy  of  platinum  and  iridium, 
10  to  1,  is  used  for  various  techincal  purposes,  notably  for  making  the 
standard  weights  and  measures  of  the  metric  system  which  are  kept  in 
the  government  archives  at  Paris. 

IRIDIUM  COMPOUNDS. 

Iridium  compounds  are  analagous  to  those  of  nickel  and  rhodium. 
The  element  is  mainly  basic,  but  forms  halo  salts.  The  more  common 
valences  are  III  and  IV. 

Iridous  oxid,  IrjOj,  is  a  bluish  powder  obtained  by  heating  f.nely 
divided  iridium  in  air  or  oxygen.     It  dissociates  above  800®. 

Iridous  hydroxid,  IrCHO),,  falls  as  a  yellow  precipitate  when  iridium 
triclilorid  is  treated  with  potassium  hydroxid. 

Iridic  oxid,  IK)2,  is  a  biack  powder  obtained  by  heating  iridic  hy- 
droxid in  carlxm  dioxid. 

Iridic  liy(h<)xid,  IrlllO)^,  is  a  blue  powder  obtained  by  oxidizing 
iridcMis  hydroxid  or  by  j)recipitating  the  tetrachlorid  with  potassium 
liy(h'oxi(l. 

Iridium  Halids. — The  iridium  halids  are  usually  prepared  by  decoin- 
posin<:  the  lialoiridiuni  salts.     The  followin«r  have  been  j>reparcHl: 
Ir(  l„  Ir('l3,  IrCl,,  IrHr,,  Irl^r,,  Irl,,  Irl,. 

Haloiridium  Salts. — Iridium  with  its  vah^ices  III  and  IV  forms  two 
series  of  halo  salts,  which  iiiiiy  be  called  haluiridiUs  and  Jial,iri<l(it(.^. 
Examples  arc:  Potassium  chloriridite,  KalrCl^j.^ILO;  ammcmium  br')m- 
iridatc,  ( NII,),lrP>r„. 

Analagous  to  these  is  nitroiridous  acid,  H3lr(X()2)c,H20,  and  its  salts. 

Ammonio  Iridium  Compounds. — These  are  similar  to  the  ammonio 
])latimim    compounds.     Examples   are:   IrCXIljjoCK;    IrCXHj),^'!^;    and 

Ir(Xn,),(V 

Iridium  and  Sulfur. — Iridium  forms  three  sulfids.  The  metal  bums 
in  sulfur  vapor  to  iridinm  vutno.'<uljldj  IrS.  Iridoua  sulfidy  Ir^Sj,  is  pre- 
cipitated from  iridous  solutions  by  hydro<rcn  sulfid.  Iridic  sulfid,  IrS.. 
is  a  black  powder  obtained  by  heating  iridium  with  sulfur  and  sodium 
carbonate. 
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PLATlNttM* 

Atomic  weight   11*5,    \'alence  11   and  IV- 


Specific 


■ftcali 


iiSSi  I 


Symbol  Ft. 
rarity  21 M.    Mclting-poiot  1775*. 

Occurrence.-^Platiinim  occurs  only  free  in  nature,  but  always 
iioyvd  with  oilier  metals,  cliiefly  palladium,  ruthenium^  rhrxliimi, 
idiuni,  osmium,  gold,  sih^r,  iron*  and  copper.  It  ia  mostly  found 
steel-gray  metallic  grains,  but  soniethncs  in  nuggets  of  several 
lijunds  weiglit.  One  in  the  royal  cabinet  at  St>  Petersburg  weighs 
fteeii  pounds.  Platinum  comes  from  the  Ural  ^lomitains^  and  from 
ira^il,  California,  Fionieo.  and  Australia. 

History,— Platinum  yeems  to  have  l^een  mentioned  in  155S  by 
aligiTf  who  describes  it  as  infusible.  It  was  brought  to  Europe 
Trom  South  America  by  I'lloa  in  1735.  It  was  described  by  Watson 
[  in  17*5<)^  and  ^bm  aftenvard^  studied  by  many  investigators.  The 
I  BjmniardB  called  it  platma  (M  Pinto,  plat  in  a  bt*iiig  the  dindimtive  of 
^Klata,  which  means  i^ilvcr,  and  the  Pintd  River  in  South  America 
pBeing  the  place  from  wliich  it  was  obtained. 

Preparation. — Platinum  oi-es  are -treated  with  aqua  regia,  which 

ilve.^  platinum,  palladium,  and  rhodium,  and  leaves  tlie  other 

latinuni  nw^als.    The  platinum  is  precipitated  with  anmionimn 

lorid  aa  amntonium  chloroplatinate,  which  on  ignition  leaves  the 

-tal  as  spong}^  platinnnu     This  is  comprtvssed  and  fused  in  the 

icy hydrogen  flame. 

Physical   Properties — Platinum    is    a    lustrous  bkush-white 

aetal  uf  speciiic  gravity  21.48.     It  is  mrKlerately  hard  and  tough, 

illeable,  antl  xvry  ductile.    It  is  a  poor  conductor  of  ht^at  and 

ctricity.     It  fuses  in  the  DX>^hydrogeu   flame  (at  nTo"")  and 

urtiallv  volatilises  io  the  electric  are.      tjn  cooling  from  fusion  it 

r/its  like  sih'cr.     It  softens  before  fusion  and  may  be  welded.     At 

heat  it  absorbs  hydmgen  and  alio\\'s  it  to  pass  through,    f^pongj" 

latinym  and  platinum  black,  which  is  simply  the  metal  in  a  fine 

lie  of  division ,  absorb  lafge  quantities  of  gascs^  particularly  oxygt*n 

i'eti  as  much  as  250  volumes),  and  thereby  become  powerful  cata- 

tic  agents,     A  jet  of  hydrogen  impinging  against  a  piece  of  plati- 

spr>nge  ^s  inflamed,  the  condensatioti  of  the  hydrogen  in  the 

&nce  of  the  condensi'*!  oxTt*gcn  producing  heat  enough  to  cause 

ne  union.     So  a  'Spiral  of  platinum  wire  held  over  an  alcoliol  lanjp 

jest  wood  alcohol)  until  red-hot  continues  to  glow  after  the  lamp 
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is  extinguished,  being  kept  hot  by  the  slow  oxidation  of  the  alcohol 
(CH3OH)  to  aldehyde  (CH3O).    Its  specific  heat  is  0.0314. 

Chemical  Properties. — Platinum  is  unchanged  in  the  air  hot  or 
cold  and  dissolves  in  no  acid  except  aqua  regia.  It  is  attacked  by 
hot  alkalis  and  potassium  nitrate,  and  by  chlorin,  sulfur,  phosphorus, 
silicon,  arsenic,  and  carbon.  It  may  be  heated  indefinitely  in  the 
oxidizing  flame,  but  the  colored  and  smoky  flames  injure  it  rapidly. 

Platinum  Alloys. — Platinum  unites  with  most  metals  to  form 
alloys  which  fuse  rather  easily.  Hence  neither  metals  nor  metallic 
compounds  which  are  easily  reduced  should  be  heated  in  platinum 
vessels.  The  platinum  vessels  used  in  the  concentration  of  sulfuric 
acid  are  made  more  durable  by  being  gilded  inside.  This  is  effected 
by  letting  molten  gold  flow  over  the  surface  of  the  red-hot  platinum. 

Uses. — Platinum  is  a  highly  useful  metal  in  laboratories  and  in 
the  arts  and  manufactures.  It  is  made  into  dishes,  crucibles,  wire, 
and  foil.  Its  coefficient  of  expansion  is  about  the  same  as  that  of 
glass,  and  hence  it  is  well  adapted  for  conveying  the  electric  current 
through  glass.  Because  of  its  unalterability  it  is  used  for  plating 
other  metals,  as  in  chemical  balances  and  various  physical  apparatus. 

Platinum  is  ahnost  as  costly  as  gold,  vessels  made  of  the  metal 
being  worth  about  60  cents  a  gram  or  $17  an  ounce. 

PLATINUM    COMPOUNDS. 

The  afTinity  of  platinum  for  oxyp:en  is  very  weak,  and  so  it  has 
the  credit  of  Ix'ing  choniically  inactive.  Its  compounds,  however, 
are  fpiite  numerous,  though  it  does  not  unite  with  many  of  the  ele- 
ments. It  acts  with  valences  II  and  IV  to  form  platinous 
and  platinic  compounds.  It  is  basic,  but  shows  acidic  tendency 
in  its  high(»r  aydroxid  and  in  the  halo  salts.  Thermal  equa- 
tions are  (Pt.H,,.(U  -  80,300  cal..  (Il2.Pt,Cl«.Aq.)  =  163.200  cal., 
(Ho.Pt,(1,.Aq.)  =  120.200  cal.,  (Ho.Pt.Br^.Aq.)  =  113.800  cal. 

Platinum  Halids,— Platinum  forms  halids  as  follows: 
Platinous,    ....      V\QX    I^tBr^     Ptl^     Pt(CX), 
Platinic,      PtF,     PtCl,     PtHr,     PtI, 

Platinum  Chlorid,  PtCU,  is  a  greenish  powder  obtained  by  heat- 
ing chloroplatinic  acid  to  300°,  or  by  passing  dry  chlorin  over  heated 
platinum  sponcre.  It  forms  a  number  of  mixed  compounds,  espe- 
cially with  phosphorous  chlorid.  phosphorous  acid,  and  carbon  mon- 
oxid.     Of  the  first  two  PtCl2,PCl3  and  PtCl2,P(HO)3  are  examples. 
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Carbomyl  Platinum   Chlorids. — With   caibau   moiicixid  three 
lite  eompoimcU  are  fonned : 

CariMmyl  fiktmous  clilorid»  PtCl^CO,  goldeD-_vellow  needles, 
Diciirbonyl  platumm  cMorid,  I'mj^COj^j  paJe-yellow  netnlles, 
IVii-arbouyi  piatiniim  eJiiorid,  rt€lj(CO)|,  oraiige-yeUow  oeedloa. 

Platiiuc  Chlorid,  PtCl^^  is  t obtained  by  dissolving  platintiin  in 
Jim  rrgk,  and  separatx^s  bi  red  crystals  of  PtCl^,5HjO.     It  is  ust^d 
'  potassiiaii  detenniuatioiis  m  quantitative  analysis; 

Pktinoui  BrQjnid,  PtBr,|  is  a  browii  solid  obtained  by  heating  broni* 
platinic  acid, 

Plfltmic  EroBiid,  PtBr^,  is  a  dark-browti  powder  formed  by  the  action 
of  brcuniij  mi*\  liydiobromic  acid  upon  [jlatinum  spcjnge. 

?latinou&  lodid,  Ptlj,  h  a  black  powder  obtained  b3'  hrating  platinoua 
chlorid  wiUj  pcjtojisium  iodid. 

Flatiiiic  Iodid,  PlI,^  i&  a  brown  amorphoii^  powder  obUiined  by  heat- 
ing platinic  oxid  with  hydrc^gen  iuilid, 

Platinous  Cyamd,  Pt(CN)i,  Ls  a  greenish-3*ellow  solid  obtained  by 
deconi|K>sing  potjk^sium  eyanoplatinite,  K^Ptd^N),* 

Halo  Acids  and  Hala  Salts  of  Platinum, — Piatinuni  m  weakly 

atddic  with  oxygen,  but  with  the  halogens,  cyanogen,  ammonia^ 
NIIi,  and  sonic  other  radicals  it  fornis  numerous  salts,  am!  in  many 
cases  thf*  cxirrespunditig  acids* 

H-Cl  =  Clv 

Halaplatiai  tes — Vhloroplatinous  acid,  HjPtCl^  or  )>Pt, 


i 


H-€1  =  C1^ 
m  formed  when  platinous  chlnrid  18  dii?so!ved  in  byilrochloiic  acid. 
The  chloroplatinites  are  salts  of  this  acirl.  An  exan^ple  is  potassium 
chloroplattnite,  K^PtCl^,  rose-red  crystals  used  for  g:iving  tlie  plati- 
num finisli  to  ]>hotfjgraphB. 

^—^    In  the  same  way  we  ha\'e  bromplaiimtes,  as  KaPtBr^ ;  cifanplali' 

^Hf4.  as  K,Pl(CN),rntVroptomiYM,  as  KjPt(NOj)<. 

^m  ii^ci=civ       n 

^V   Haloplatinates*— ^/i^m-opWzmc    acid,  r^K   II    ^^ 

'  H^€1  =  CK        Xn 

HjPtClft,  is  obiflint'dljy  difisohdng  platinum   in   aqua  regia.     On 

evajKirfttion  it  sej>a rates  in  broTmish-red  crv'stals  of  H2PtClot*>H5(>. 

It  forms  salts  with  the  alkali  metals* 

Pota^ium  ClilDTOplatinate»  K^PtCln.— This  is  precipitated  as 

a  heavy   yellow   crystalline  powder  upon  the  addition  of  a  potas- 


^ittttiih 
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slum  salt  to  chloroplatinic  acid.  It  is  slightly  soluble  in  water, 
from  which  it  crystallizes  in  octahedrons.  It  is  decomposed  by 
heat  into  chlorin,  potassium  chlorid^  and  platinum,  and  when 
strongly  heated  only  platinum  remains.  It  is  insoluble  in  alcohol 
and  serves  in  analytic  chemistry-  for  the  separation  of  potassium 
from  the  other  alkali  metals. 

Other  salts  are  ammonium  chloroplatinate^  (NHJ^PtQ,;  sodium  chJcro' 
plalinate,  NajPtCl,;  rubidium  chloroplatinatey  Rb^PtCl,;  opsium  chloro- 
platinate,  CsjPtGlj,  and  silver  chloroplatviate,  Ag^PtCl^. 

Platinum  Ozids  and  Hydroxids. — Platinum  forms  two  oxids 
and  two  hydroxids,  all  of  which  have  to  be  prepared  indirectly. 

Platinous  Ozid,  PtO,  is  a  gray  powder  obtained  by  igniting 
platinous  hydroxicl  and  is  decomposed  by  further  heating. 

Platinous  Hydroxid,  Pt(H0)2,  is  obtained  as  a  black  powder  by 
heating  platinous  chlorid  or  potassium  chloroplatinite  with  alkali 
hydroxids. 

Platinic  Ozid>  PtOj,  is  a  black  powder  obtained  by  igniting 
platinic  hydroxid. 

Platinic  Hydroxid,  Pt(H0)4,  is  obtained  as  a  yellow  powder  by 
treatint]^  platinic  chlorid  with  hot  potassium  hydroxid  and  remo\'ing 
the  ex('(\ss  of  alkali  with  acetic  acid.  It  is  both  basic  and  acidic, 
makin.t:  platinic  salts  and  platinates. 

Platinum  Sulfids. — Platinous  suJfid,  PtS,  is  a  green  powder 
obtained  l)y  direct  union  of  the  elements.  Platinic  sulfid,  PtSs.  is 
a  gray  powder  obtained  by  heating  aninioniuni  chloroplatinate  with 
sulfur. 

Platinous  selenid  is  also  formed  by  direct  union. 

Platinum  with  the  Nitroids. — Platinum  does  not  unite  with  nitrogen, 
but  it  forms  alloys  with  })lH)spliorus,  arsenic,  antimony,  bismuth,  and 
vanadium.  With  phosphorus  and  arsenic  the  projx)rtion  is  approxi- 
mately PtP    and  PtAs,. 

Pla tin-ammonia  Compounds. — Platinum  forms  with  ammonia  a 
larg(^  number  of  basic  compounds,  which  may  be  halids,  hydroxids,  oxids, 
or  salts.  The  first  one  of  these  substances  discovered  was  platosam- 
vioniuni  chlorid,  Pt ('XH.,)..Cl2,  known  as  the  gtrcn  salt  of  Magnus.  Iso- 
meric with  it  is  the  yc^llow  salt  known  as  the  chlorid  of  Rei^sefs  second 
t)asr.  While  the  structure  of  these  comi>ounds  is  not  certainly  known, 
the  sugjrestions  below  are  probably  not  very  far  from  the  truth  : 


Ch.  XXXDC]  the  PLATINOIDB.    PLATINUM  SERIES. 
First  type: 


615 


PlatinouB. 
Halid,         gZNi;>Pt. 

Hydroxid,  gz8zSH;>^* 

Oxid,         0<NH*>P*- 

NO.— NH,^^*' 


Salt, 


Platinio. 

a— NH,.  p.  .a 
a— NH/^*^a 

H— O— NH,  >  "  <  O— H 

0<NH.>Pt=0 

S0.<5JJJ'>Pt=S0, 


Second  type  (isomeric  with  the  above) : 


Third  type: 
Fourth  type: 
Fifth  tjrpe: 

Sixth  type: 

Seventh  tjrpe: 

Eighth  type: 

Ninth  type: 


a— NH,— NH,^  p.     a— NH -NH,^  p,  ^a 

a— NH,  >  ^'  a— NH,  >  ^*  ^  a 


a— NH,— NH,  ^  p.      a— NH  — NH,  ^  p,  ^  Q 

a— NH,— NH,^^^-  a— NH3— NH,>^*<a 


a— NH— ,pt. 
a— NH,— Pt 


a— NH,— PtCl, 


a— NH,— pta, 

(a-NH,),-pt-a 
(a— NHj,=pt-a 


a— NH,— NH,— Pt     a— NH,— NH,— Pta, 


a— 


NH,— Pt 


CI— NH— Pta, 


a— NH,— NH,— Pt     a— NH,— NH,— Pta, 
a— NH,— NH,— Pt     a— NH,— NH,— Pta, 

(a— NH,— NHo,-Pta 


(a— NH,— NH,),«pta 

There  are  also  compounds  containing  more  than  two  platinum  atoms. 


CHAPTER  XI., 
RADIUM,  POLONIUM,  AND  ACTINIUM- 


TiTE  radioactivity  of  the  ores  and  compounds  of  uranium^ 
thorium,  rhodium,  barium,  etc.,  b  thought  to  be  due  to  the  presence 
in  small  quantities  of  radiijactive  elements,  In  1S9S  McjiL'^ieur 
Pierre  and  ^fadame  Sklirdowska  Curie  of  Paris  announced  the 
discover}'  in  pitchblende  of  a  new  element  which  they  called  polo* 
nium,  after  Pokntl,  the  native  country  of  ilme.  Curie.  In  181>9 
the  Curies,  in  ennneotion  with  Monsieur  G.  Bemont;,  found  another 
element  wMch  they  called  radium,  because  of  its  radioactivitv, 
la  1S99  Andr4  Debierne  found  in  the  residues  from  pitch  blend,  b 
additi'>n  to  radium  and  polonium,  a  third  radioactive  sutetance 
fur  which  he  suggested  the  uame  adinhim.  This  .substance  k  ako 
found  associated  with  thorium,  and  the  radioactivity  of  thorium 
compounds  is  thought  to  be  due  to  it.  Eadium  is  related  in  prop- 
erties to  bariiuUi  p>lonium  to  bismuth,  and  actinium  to  thorium. 

Radioactive  substances  have  been  carefully  investigated  by 
many  chemists  and  physicists.  Especially  notable  is  the  work  of 
5L  and  Mme.  Curie  upon  radium.  Koue  of  these  elements  have 
been  isolated,  but  definite  compounds  c^f  rndiura  have  been  prc^ 
pared 

Hie  Curies  obtained  radium  compounds  from  the  residues  pf 
the  uranium  fact^^y  of  Joachimsthal,  Bohemia.  The  separation 
is  effected  by  a  long  and  complicated  proce?^  of  precipitation  and 
fractional  cr}^stallization,  and  only  a  fw  grains  are  obtained  from 
a  ton  of  the  ore.  The  compounds  closely  resemble  those  of  barium. 
The  atomic  weight  assigned  to  radium  is  225,  though  Runge 
obtained  from  its  spectrum  the  number  256.  It  has  a  character- 
istic spectrum  and  an  intense  radioactivity.  Its  place  in  the 
periodic  table  is  in  Group  II  below  barium  and  in  the  series  with 
thorium  and  uranium, 
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Radium  emits  emanations  and  rays  such  as  have  been  described 
n  Photochemistry.  It  preserves  a  temperature  one  or  more 
legrees  above  that  of  the  atmosphere,  injures  the  eyes,  and  dis- 
)rganizes  the  flesh  when  kept  long  in  contact  with  it.  Its  peculiar 
properties  have  been  explained  in  various  ways.  The  most  plau- 
rible  suggestion  is  that  atoms  of  high  atomic  weight  slowly  disin- 
i;^rate  into  ultimate  corpuscles  or  particles  and  that  this  decom- 
Dosition  is  attended  with  the  development  of  great  energy. 


APPENDIX. 


WEIGHTS  AND  MEASURES. 


The  following  abbreviations  are  used : 
mm.,  millimeter,     qmm.,  square  millimeter. 


cmm.,  cubic  millimeter. 


cm.,  centmieter. 

m .,  meter. 

1 .,  liter.^ 

mg.,  milligram. 

Equivalents : 

1  meter 
1  meter 
1  cm. 
1  mm. 

1  kilometer  = 
1  qmm. 
1  qcm. 
1  liter 
1  liter>-« 
1  liter 
1  liter 
1  cc. 
1  cbm. 
1  gram 
1  mg. 
100  grams 
1  kilogram    = 
1000  kg. 

Conversion  of  thermometer  degrees: 

C.  =  Centigrade.     F.  =  Fahrenheit.     R.  ==  Reaumur. 
F.  to  C,  subtract  32°,  then  multiply  by  5  and  divide  by  9. 
F.  to  R.,  subtract  32°,  then  multiply  by  4  and  divide  by  9. 
R.  to  C,  multiply  by  5  and  divide  by  4. 
R.  to  F.,  multiply  by  9  and  divide  by  4,  then  add  32°. 
C.  to  F.,  multiply  by  9  and  divide  by  5,  then  add  32°. 
C.  to  R.,  multiply  by  4  and  divide  by   5. 
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qcm.,  square  centimeter,     cc, 

cubic  centimeter. 

qm.,     square  meter.             cbm., 

cubic  meter. 

g.,        gram. 

k.. 

kilogram. 

eg.,      centigram. 

dg., 

decigram. 

3.2809  feet. 

1  foot 

0.30479  meter. 

39.37079  inches. 

1  inch        « 

25.3995  mm. 

0.3937  inch. 

Ifoot 

30.479  cm. 

0.03937  inch. 

1  yard       = 

0.91438  meter. 

0.6214  mile. 

1  mile        = 

1609.31  meters. 

0.00155  sq.  ins. 

1  sq.  inch  « 

6.4514  qcm. 

0.15501  sq.  ins. 

1  sq. foot  = 

929.  qcm. 

61.027  cu.  ins. 

1  cu.  inch  = 

16.386_5c. 

0.26419  U.S.  gal 

.  1  gallon     = 

3.7852  liters. 

1.05676  quart. 

1  quart      = 

0.9463  liter. 

2.11352  pint 

1  pint        = 

473.15  cc. 

0.0338  fluid  oz. 

1  fluid  oz  = 

29.572  cc. 

264.19  U.S.  gals. 

1000  gals.  = 

3.7852  cm. 

15.4346  grains. 

1  grain       = 

0.0648  gram. 

0.01543  grain. 

1  grain       = 

62.709  mg. 

3.5274  ozs.  av. 

1  oz.  av.     = 

28.3495  grams. 

2.2046  pounds. 

1  i)ound     == 

453.59  grams. 

1.1023  tons. 

1  ton 

907.2  kg. 
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SOLUTIONS. 

A  normal  solution  is  one  which  contains  in  a  liter  a  number  of 
grams  of  any  substance  equal  to  its  chemical  equivalent  in  terms 
of  the  hydrogen  atom.  The  chemical  equivalent  of  sulfuric  acid  is 
49,  or  one  half  the  molecular  weight,  because  the  acid  is  dibasic. 
One  liter  of  normal  sulfuric  acid  contains  49  grams  of  H^04.  The 
normal  strength  is  indicated  by  the  letter  N,  while  5N  and  /^ 
mean  five  times  normal  and  one  tenth  normal  respectively. 

All  solutions  kept  in  the  laboratory  should  be  of  known  strength, 
and  it  is  generally  most  convenient  to  make  them  some  multiple  or 
fraction  of  the  normal.  The  more  common  solutions  are  here  given 
in  the  suitable  strength. 

Sulfuric  Acid,  H^O^:  equivalent  49,  specific  gravity  1.84,  36N. 

Dilute:  Sp.  gr.  1.18,  5N,  24.5  per  cent  H^O^,  1  vol.  strong  acid  to  6 
of  water.  This  is  the  strength  suitable  for  making  hydiogen,  while  an 
acid  of  half  this  strength  is  best  for  hydrogen  sulfid. 

Nitric  Add,  HNO,:  equivalent  63,  sp.  g-.  1.42,  16N,  65  per  cent 
HNO,. 

Dilute:  Sp.  gr.  1.2,  5N,  30  per  cent  HNO„  1  vol.  strong  acid  to  2  of 
water. 

Hydrochloric  Acid,  HQ:  equivalent  36.4,  sp.  gr.  1.16,  ION,  32.2 
per  cent  HCl. 

Dilute:  Sp.  gr.  1.09,  5N,  18.4  per  cent  HQ,  1  vol.  strong  acid  to  1  of 
water. 

Acetic  Add,  C^H^O,:  equivalent  60,  glacial  17N. 

Dilute:  Sp.  gr.  1.04,  5N,  30  per  cent  C,H,0„  1  vol.  glacial  acid  to  2\ 
vols,  water. 

Ammoma  Solution,  XH.HO:  equivalent  35,  sp.  gr.  0:9.  20N,  60  per 
cent  NH,OH. 

Dilute:  Sp.  gr.  0.965,  5N,  17.5  per  cent  NH.HO,  1  vol.  strong  am- 
monia to  3  of  water. 

Potassium  Hydroxid,  KHO:  equivalent  56;  280  grams  dissolved 
in  1  liter  water  -  5N,  sp.  gr.  1.265,  28  per  cent  KHO. 

Sodium  Hydroxid,  NaHO:  equivalent  40;  200  grams  dissolved  in 
water  and  made  1  liter  =  5N,  sp.  gr.  1.24,  20  per  cent  NaHO. 

Ammonium  Sulfid,  (NH,)2S:  equivalent  34.  Saturate  600  cc.  5N  am- 
monia with  H.S  and  add  400  cc  5N  ammonia.  This  solution  does  not 
keep,  but  gradually  decomposes  with  formation  of  yellow  ammoniimi 
milfid,  (NH,)A. 

Ammonium  Chlorid,  NH^Cl :  equivalent  53.4;  267  grams  dissolved 
in  1  liter  of  water  -  5N,  26.7  per  cent  NH.Cl.  • 

Ammonium  Carbonate,    (NHJ  CO,:     equivalent    48.      Dissolve  200 


F(/iv<'d  in  40  cc.  oN  HXO,  and  diluted  to  1  liter  makes  V  solution.  A 
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grams  of  commercial  ammonium  carbonate  in  350  cc.  5N  ammonia  and 
dilute  with  water  to  1  liter  =  5N. 

Solutions  of  salts  are  generally  made  normal  if  they  are  sufr 

ciently  soluble.    The  following  are  less  than  normal : 

X 
Ammonium  Oxalate,  (NHJ^CO^H.O:  equii-alent  80,  solution  -. 

2 

Barium  Hydrozid,  BaH.OjjSHp:  equivalent  157.5,  solution  ^. 

Calcium  Hydrozidy  CaH  O,:  equivalent  37,  saturated  solution  — . 

20 

Mercuric  Chlorid,  HgG,:  equivalent  135.4,  solution  '—, 

5 

Mercurous    Nitrate,  Hgj(XO,)„2H,0:   equivalent  280;  56  grams  dis- 

:v<'d  in  40  cc.  oX  HXO,  and  diluted  to  1 

few  dn)p.s  of  mercury  is  added  to  tiie  bottle. 

Potassium  lodid,  KI :  equivalent  166,  solution  \, 

o 

Potassium  Bromid,  KBr:  equivalent  119,  solution^, 

XT 

Silver  Nitrate,  AgXO:  equivalent  170,  solution  -r-. 

o 

Bromin Water:  0(iiiivalent  SO,  saturatcii  solution  ^. 

Chlorin  Water :  equivalent  3.").4,  saturated  solution  V. 

o 

SPIXIAL    S()LrTK)N\S. 

Magnesia  Mixture. — Dissolve  0(3  j^ranis  magnesium  clilorid  and  168 
jrrain^  ammonium  ehlorid  in  400  ec.  water,  add  300  ee.  5X  ammonia  and 
make  u\)  to  1  liter. 

Molybdate  Solution.— Dissolve  lOOgiams  molybdic  oxid  in  400cc. 5.V 
ammonia  and  |>()ur,  with  stirrin«r,  into  1000  cc.  oX  HXOj. 

Fehling's  Solution. — Dissolve*  34.04  grams  copper  sulfate  in  500  cc. 
water:  also  dissolve*  ISO  grams  sodium  potassium  tartrate,  Rochellesait, 
and  70  grams  caustic  soda  in  500  cc.  water.  Mix  the  solutions  in  equal 
parts  as  needed. 

Nessler's  Reagent. — Dissolve  35  grams  potassium  iodid  and  13  prams 
mercuric  ehlorid  in  SOO  cc.  water.  Add  saturated  solution  of  mercuric 
ehlorid  until  the  red  precipitate  is  just  persistent.  Add  160  grams  caus- 
tic ])otas]i  and  dilute  to  1000  cc.  To  keep  the  solution  sensitive  add 
from  lime  to  time  a  little  more  mercuric  ehlorid. 
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1908. 
TABLE  OF  INTERNATIONAL  ATOMIC  WEIGHTS. 


Name. 

Sym. 

0-16. 

H-1. 

Name. 

Sym. 

0-16. 

H-1. 

Aluminium .... 

Al 

27.1 

26.9 

Molybdenum  .  . . 

Mo 

96.0 

95.3 

Antimony 

Sb 

120.2 

119.3 

Neodymium  .... 

Nd 

143.6 

142.5 

Argon  

A 

39.9 

39.6 

Neon 

Ne 

20. 

19.9 

Arsenic 

As 
Ba 

75.0 
137.4 

74.4 
136.4 

Nickel 

Ni 

N 

58.7 
14.01 

58.3 

Barium 

Nitrogen 

13.91 

Biamuth  .* 

Bi 

208.0 

206.3 

Osmium 

Os 

191. 

189.6 

Boron 

B 

11. 

10.9 

Oxygen 

PaUadium 

O 

16.00 

15.88 

Bromine 

Br 

79.96 

79.36 

Pd 

106.5 

105.7 

Cadmium 

Cd 

112.4 

111.6 

Phosphorus  .... 

P 

31 .0 

30.77 

Csesium 

Cs 

132.9 

131.9 

Platinum 

Pt 

194.8 

193.3 

Calcium 

Ca 

40.1 

39.7 

Potassium 

K 

39.15 

38.85 

Carbon 

C 

12.00 

11.91 

Praseodymium . . 

Pr 

140.5 

139.4 

Cerium 

Ce 

140.25 

139.2 

Radium 

Ra 

225. 

223.3 

Chlorine 

CI 

35.45 

35.18 

Rhodium 

Rh 

103.0 

102.2 

Chromium .... 

Cr 

52.1 

51.7 

Rubidium 

Rb 

85.5 

84.9 

Cobalt 

Co 

59.0 

58.55 

Ruthenium 

Ru 

101.7 

100.9 

Columbium 

Cb 

94. 

93.3 

Samarium 

Sa 

150.3 

149.2 

Copper 

Cu 

63.6 

63.1 

Scandium 

Sc 

44.1 

43.8 

Dysprosium  . . . 

Dy 

162.5 

161.2 

Selenium 

Se 

79.2 

78.6 

Erbium 

E 

Eu 

F 

166. 

152. 

19. 

164.8 

150.8 

18.9 

Silicon 

Si 
Na 

28.4 

107.93 

23.05 

28.2 

Europium 

Silver 

107.11 

Fluorine 

Sodium 

22.88 

Gadolinium . .  . 

Gd 

156. 

154.8 

Strontium 

Sr 

87.6 

86.94 

Gallium 

Ga 

70. 

69.5 

Sulphur 

S 

32.06 

31.82 

Germanium . .  , 

Ge 

72.5 

72. 

Tantalum 

Ta 

181. 

179.6 

Giucinum 

Gl 

9.1 

9.03 

Tellurium 

Te 

127.6 

126.6 

Gold 

Au 
He 

197.2 
4. 

195.7 
4. 

Terbium 

Thallium 

Tb 
Tl 

159. 
204.1 

157  7 

Helium 

202.6 

Hydrogen 

H 

1.008 

l.tXX) 

Thorium 

Th 

232.5 

230.8 

Indium 

In 

115. 

114.1 

Thulium 

Tm 

171. 

169.7 

Iodine 

I 
Ir 

126.97 
193.0 

126.01 
191.5 

Tin 

1? 

119.0 
48.1 

118.1 

Iridium 

Titanium 

47.7 

Iron 

Fe 

55.9 

55.5 

Tungsten 

W 

184.0 

182.6 

Krypton 

Kr 

81.8 

81.2 

Uranium 

U 

238.5 

236.7 

Lanthanum . .  . 

La 

i;«.9 

137.9 

Vanadium 

V 

51.2 

50.8 

Lead 

Pb 
Li 

206.9 
7.03 

205.35 
6.98 

Xenon 

Xe 

Yb 

128. 
173.0 

127. 

Lithium 

Ytterbium 

171.7 

Magnesium 

Mg 

24.36 

24.18 

Yttrium 

Y 

89.0 

88.3 

Manganese 

Mercury 

Mn 
Hg 

55.0 
200.0 

54.6 
198.5 

Zinc 

Zn 
Zr 

65.4 
90.6 

64.9 

Zirconium 

89.9 
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Absolute  temperature,  19 

zero,  19 
AbJiKirption  sjH^ctra,  24 
Acetylene,  403 

Acid,  antimniiir,  377 
antimOQomt  377 
ar^nic  370 
arsenous.  370 
auric,  575 
bismuthic,  382 
boric,  465,  467 
broinauric.  674 
1  if,  III  N  I.    '257 
bromostannK-^  434 
carbonic,  414 
chloric,  254 
chlorauric,  574 
chlorindic,  475 
ehloTochromic,  309 
chlofoplatinic;  613 
elilotoplfttitioas  613 
cld0t«stanTiic,  433 
fsMotiMtariiua^,  433 
eblofous,  254 
chior^uLfoniCt  294 
chromic,  309 
columbic.  3s7 
cyanferrie,  592 
eyniifernms,  592 
cyanic,  419 
cyanuric,  419 
diantiinonir,  377 
diarscnii*,  370 
dichromic,  310 
dipbosphoric  361 
diplKisipluinJUs,  369 
disilicic,  426 
disulfuric,  291 
disulfurous,  286 
dithionic,  293 
divanadic,  386 


Acid,  flualuminic,  470 
fluoboric,  466 
fluogermanic,  429 
fluo8ilicic,  422 
fluoatannic,  433 
fluotitanic,  477 
fuming  nitric,  344 
gcnnanic,  429 
Rraphitic,  394 
h  vara  zoic,  334 
hydriodic,  245 
hvai-l>r«>JiiU ,  242,  243 
hydrochloric,  237,  240 
hydnicyaiiif,  418 
hydroferricyiitiic,  592 
hydinfenWvftTiir.  592 
hydrofluoric,  235,  236 
hypobrtjtnous,  257 
hypiwhloroaf.  252 
hypomitrms,  341 
hypophosphonJU!^,  358 
hypoiiulfurous,  284 
hvpovaiiadic.  386 
i(Mlic,  259 
iodostannic,  434 
iodostaniious^  434 
ra^mgaciio,  580 
nmiigarLous,  579 
metaboric,  467 
metflntimoiiic.  378 
niet^pboepliorie,  361 
metarsenic,  370 
metasilicic,  426 
metaatanjiic,  435 
nietAtiianie,  448 
mutatimgatic.  316 
molvbdic,  313 
muriatic,  237,  240 
nitric,  342 

fuiTiiiif?,  344 
nit  rosut  fori  Ic,  346 
nitrous,  341 


631 


632 


INDEX. 


Acid,  orthoeilicic,  426 

Air,  450 

orthoboric,  467 

a  mixture,  452 

orthostannic,  434 

an^ysis  of,  454 

orthophosphoric,  360 

composition  of,  462 

orthotitanic,  447 

impurities  in,  454 

iDsmic,  609 

liquid,  455 

oxymuriatic,  224 

Air-pump,  101 

perbromic,  25S 

Air-thermometer,  19 

perchloric,  255 

Alabandite,  576,  582 

perchromic,  309 

Alabaster,  487,  492 

periodic,  260    . 

Albite,  472 

pennanganic,  580 

Alkalamids,  332 

pemithenic,  606 

Alkali  industry,  535 

persulfuric,  292 

earth  metals,  481 

peruranic,  318 

fixed,  521 

phosphoric,  360 

metals,  521 

phosphorous,  359 
plunibic,  441 

mineral,  521 

vegetable,  521 
volatile,  325 

ruthenic,  606 

selenic,  299 

Allotropy,  56 
Alum.  471,  546 

selenous,  299 

silicic,  426 

Aluminates,  471 

stannic,  434 

Aluminum,  468 

sulfuric,  286 

alloys,  469 

sulfurous,  285 

amalgam,  469 

tantalic,  389 

bromid,  470 

telluric,  302 

bronze,  469 

tellurous,  302 

chlorid,  470 

tetraboric,  467 

compounds,  469 

tet  rath  ionic,  293 

fiuorid,  469 

thiocarbonic,  416 

hvdroxids,  471 

thiocvanic,  420 

iodid,  470 

tliiostannic,  435 

nitrate,  472 

thiosulfuric,  292 

oxid,  470 

titanic,  447 

phosphate,  472 

trisilicic,  427 

salts  of,  471 

trithionic.  293 

silicates,  472 

tunjjstic.  316 

sulfate,  471 

uranic,  31 S 

sulfid.  470 

vanadic,  3^6 

Alums,  471 

zirconir.  449 

Amalgams,  514 

Acidic  dcnicTits,  46,  47 

Amethyst,  424,  470 

Aciditv  of  bases,  70 

Amidogen,  332 

Acids,' ()4,  GO 

Amins  and  amids,  332 

basicity  of,  68 

Ammonia,  323 

binary,  65 

Ammoniacal  liquor,  405 

fonnulas  of,  07 

Anmionia-soda  process,  535 

*naminp^  of,  00 

Ammonio-cobalt  com|X)unds 
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ortlio  and  nieta,  07 

iridium                        " 

610 

propTtics  of,  OS 

mercury                      " 

518 

relative  strength  of,  90 

nickel                          " 

604 

ternary,  00 

palladium                   " 

608 

thio,  74 

platinum                    " 

614 

thionic,  293 

Anmionium,  328,  552 

Actinium,  010 

alum,  472 

Actinonietera,  151 

amalgam,  514 

Affinity.  54 

arsenates,  371 

coefficient  of,  S6,  160 

bromid,  330 

Agate,  425 

carbamate,  415 
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Ammonium  carbonates,  415 

chlorate,  331 

chlorid,  329 

chloroplatinate,  614 

chromates,  332 

compounds,  328 

cyanid,  419 

diphosphates,  361 

disulfate,  331 

fluorid,  329 

halids,  329 

hydrazoate,  334 

hydroselenid,  331 

hydrosulfid.  330 

hydrotellurid,  331 

hydroxid  330 

hypophosphite,  359 

ioickte,  331 

ion.  328,  329 

iodid,  330 

magnesium  phosphate,  486 

molybdates,  332 

nitrate,  345 

nitrite,  341 

perchlorate,  331 

persulfatc,  331 

phosphates,  361 

phosphites,  360 

phosphomolybdate,  313 

polysulfids,  331 

salts.  331 

selenid,  331 

sulfates,  331 

sulfids,  330 

sulfites,  331 

tellurid,  331 

thioaurate,  575 

thiocarbonate,  417 

tungstates,  332 

uranates,  332 
Ampere,  29 
Ancuysis,  83 
Anfflesite,  436,  442 
Anhydrite,  487,  492 
Anion,  29 
Anode.  28 
Anorthite,  472 
Antimonates,  378 
Antimonids,  375 
Antimony,  372 

acids  of,  377 

alloys,  373 

amorphous,  373 

arsenid,  379 

bromid,  376 

butter  of,  375 

compounds,  374 

chlorids,  375,  376 

explosive,  373 


Antimony  fluorids,  375 

halids, '375 

iodids,  376 

ions,  374 

nitrate,  376 

ocher,  372 

oxids,  376,  377 

oxychlorids,  376 

phosphid.  379 

salts,  376 

selenids,  378 

sulfids,  378 

sulfoxid,  378 

tellurid,  378 

thio  acids  and  salts,  378 
Apatite,  347 
Apjohnit«,  582 
Apophyllite,  495 
Appendix,  618  ' 
Aqua  fortis,  342 
Aquamarine,  482 
Aqua  regia.  345 
Aragonite,  487,  494 
Argentite,  561,  568 
Argon,  219 
Argyrodite,  428 
Arsenates,  370 
Arsenic,  364 

acids  of,  370 

allotropes,  364 

chromates,  371 

compounds,  366 

disulfid,  371 

halids,  367,  368 

hydrids,  366 

Marsh's  test  for,  367 

molybdates,  371 

oxidfs,  368,  369 

phosphid.  372 

pyrites,  585,  596 

sulfids,  371,372 

thioacids,  372 

thiosalts.  372 

white,  368 
Arsenids,  365 
Arsenites,  370 
Arsin,  366 

Arsonium  compounds,  367 
Artiads,  43 
Asbestus,  486 
Asphalt,  408 
Atmosphere,  451 

pressure  of,  99 
Atom.  4,  38 
Atomic  heat,  20 

quantity,  59 

volume,  52 
diagram  of,  51 

weight,  2,  39,  171 
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Bort,  393 
Brass,  556 
Braunite,  576,  578 
Bricks,  473 
Brimstone,  264 
Britannia  metal,  432 
Bromargyrite,  566 
Bromates,  258 
Bromaurates,  574 
Bromid  ion,  244 
Bromid  of  lime,  267 
Bromids,  244 
Bromin,  229 

acids  of,  257 

chlorid,  246 

hydrate,  231 

oxids,  257 

water,  231 
Bromoform,  408 
Bronze,  432 
Brookite,  447 
Brown  hsmatite,  694 
Brucite,  485 
Brunswick  green,  658 
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hydroxid,  511 
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oxid,  510 

phosphid,  511 
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Cobalti-cyanids,  600 
Cobaltite,  509,  601 
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molecular,  57 
ternary,  61 
Conditions]^  4 

favoring  chemical  change,  82 
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fluorids,  557 

group,  553 

halids,  557 

hydroxids,  558,  659 

iodid,  55S 

ions,  557 

nitrate,  561 

nitrid,  559 

oxids,  55S,  559 

oxychlorid,  557 

phosphate,  561 

phosphids,  559 

pyrites,  585 

salts,  559 

selenid,  559 

silicates,  561 

silicid,  559 

sulfates,  560 

sulfids,  559 

sulfites,  560 

thiocyanates,  658 
Copper  plating,  656 
Copperas,  597 
Corrosive  sublimate,  615 
Corundum,  468,  470 
Coulomb,  29 
Covellitc,  554,  559 
Crith,  186 
Critical  constants,  112 

density,  113 

point,  116 

pressure,  ll6 

temperature,  112 

volume,  113 
Crocoisite,  304,  443 
Crooksite,  476,  659 
Cryohydrates,  207 
Cryolite.  468,  470 
Crystallization,  92 

systems  of,  93' 

water  of,  93 
Crystalloids,  127 
Cupellation,  562 
Cuprammonium  sulfates,  660 
Cuprite,  553,  558 
Cuproids,  553 
Cyanates,  419 
Qranaurat^s,  574 
Cyanaurites,  674 
Cyanid  process,  671 
Cyanid  ion,  419 
Cyanids,  419 
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Cyanogen,  417 
compounds,  418 
halids,  420 

Darwinite,  365 
Deacon^s  process,  226 
Dechenite,  384 
Definitions,  1 
Deliquescence,  93 
Density,  13 

and  atomic  volume,  51,  52 

determinations,  16 

gas,  13,  15 

relative,  13 

vapor,  13 
Densities,  diagram  of,  51 
Descriptive  chemistry,  177 
Dialysis,  128 
Diamond,  391 

artificial,  392 

cutting  of,  393 

origin  of,  392 
Diaspore,  468 
Dichromate  ion,  310 
Dichromates,  310 
Didymium,  388 
Diffusion,  126,  138 

law  of,  127,  138 

rate  of,  126 
Dilution  laws,  161 
Di metric  system,  94 
Dimorphism,  97 
Dioi)tiisc,  501 
Dipliosphiit'es,  361 
Disilicates.  420 

Dissociating  power  of  solvents,  169 
Dissociation.  S7 

by  electricity,  159 

by  l"reczing-i)oiiit,  133 

by  lieat,  SS 

by  water,  88 

constant,  SS 

of  the  sohite,  119 
Distillation,  110,  136 
Disulfates,  292 
Disul files,  2S5 
Ditliionat(\s.  2<)3 
Divisions  of  chiMnistry,  7 
Dolomite,  4S,3,  4S7 
Domeykite,  805 
Double  refraction,  26 
Dynamo,  28 
Dyne,  31 

Eartli's  crust,  composition  of,  177 
Kau  de  Javelles,  251,  545 
Klmllition,  109 
Efferveseence,  81 
Efflorescence,  93 


Electric  furnace,  464 

quality,  47 

units,  29 
Electricity,  28 

and  chemical  action,  157 

chemical  equivalent  of,  150 

conductors  of,  157 

heat  equivalent  of,  33 

ionic  equivalent  of,  159 

mechanical  equivalent  of,  33 

sources  of,  28  ' 

Electrochemical  terms,  29 
Electrochemistry,  157 
Electrolysis,  29,  158 
Electrolytes,  29,  158 
Electrolytic  dissociation,  150 

solution  tension,  169 
Electro-negjfttive  elements,  47 
Electroplating,  565 
Electro-positive  elements,  47 
Electrotvping,  556 
Elements,  34,  177 

abundance  of,  34 

acidic  and  basic,  47 

classification  of,  46,  180 

metallic  and  non-metallic,  46 

naming  of,  34 

number  of,  34 

positive  and  negative,  47 

preparation  of,  180 

symbols  of,  35 

tiible  of,  44,  621 

valence  of,  42,  44 
Embolite,  506 
Emerald,  470,  482 
Eme^^•,  470 

Endoiliennie  reactions,  141 
Energy,  30 

elianj^es,  140 

conservation  of,  32 

factors,  31 

intrinsic,  31 

kinetic,  30 

potential,  30 

radiant,  150 

transfonnation  of,  32 
Enstatite,  480 
l}\mm\  salt.  4S3 
Equations,  chemical,  78 

calculations  from,  172 

writ  ins:,  78 
Eipiilibrimn,  97 

chemical,  85 
Equivalent  conductivity,  165 

weights,  37,  59 
Erbium,  379 

compounds,  379 
Erg,  31 
Erubescite,  554 
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Enrthrite,  699 
Ethylene,  402 

series,  400 
Eucairite,  559 
Euchlorin,  251 
Eudiometry,  454 
Eutectic  alloy,  120 
Evaporation,  107,  108 

cooling  by.  111 
Exothermic  reactions,  141 
Explosives,  460 
Extension,  10 

units  of,  10 
Extensity,  13 

Faience,  473 

Fehling's  solution,  620 

Feldspar,  472 

Ferrates,  595 

Ferrites,  595 

Ferroids,  584,  585 

Ferro  and  ferri  cyanids,  592,  593 

Ferro-manganese,  588 

Fire-bricks,  473 

Fire-damp,  400 

Flame,  461 

Bunsen,  463 

color  of,  461 

luminosity  of,  461 

oxidizing  and  reducing,  463 

structure  of,  462 
Flint,  425 
Fluidity,  98 
Fluomolybdat€s,  313 
Fluorescence,  27 
Fluorid  ion,  237 
Fluorids,  236 
Fluorin,  223 
Fluorite,  223,  487,  488 
Fluor-spar,  487,  488 
Fluosihcates,  422 
Fluostannat€S,  433 
Fluox^anadates,  385 
Fluozirconates,  448 
Force,  31 
Formula,  determination  of,  172 

weight,  5S 
Formulas,  35 

empirical,  60 

molecular,  60 

structural,  60 
Franklinite,  595 
Fraunhofer  lines,  24 
Freezing  mixtures,  107 

point,  106 

and  hydrates,  134 
of  solutiohs,  131 
determinations,  132 
Fundamental  laws  of  chemistry,  36 


Fusible  metal,  380 
Fusion,  106 

change  of  volume  during,  106 

heat  of,  107 

Gadolinium,  570 
Gahnite,  46S,  504, 
Galena,  436,  442 
Gallium,  474 

com]30unds,  474 
Galvanized  iron,  586 
Garnet,  472 
Gas  carbon,  397 

density,  15,  16 

laws,  101 

deviations  from,  103 

solutions,  139 
properties  of,  139 

volume  and  temperatme,  102 
Gases,  2,  98 

diffusion  of,  138 

elasticity  of,  101 

kinetic  theory  of,  98 

liquefaction  of,  110 

partial  pressure  of,  99 

pressure  of,  99 

solubility  of,  137 
Gasoline,  407 
Gay-Lussac  tower,  287 
General  statements,  1 
German  silver.  603 
Germanates,  429 
Gennanium,  428 

chlorofonn,  429 

compounds,  429 
Gilding.  573 
Glass,  495 

manufacture,  496 

soluble,  536 
GUauber's  salt,  531 
Glover  tower,  287 
Glucinates,  482 
Glucinoids,  481 
Glucinum,  482 

compounds,  482,  483 
Gold,  570 

acetyl  id,  575 

alloys,  572 

amalgam,  514 

bronuds,  574 

carbid,  575 

chlorids,  574 

coin,  572 

comjjounds,  573 

cyanids,  574 

fulminating,  575 

halids,  573 

hydroxids,  574,  575 

iddid,  574 
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Gold  mining,  571 

oxids,  574 

plating,  573 

refining,  573 

^ts,  575 

sulfids,  575 

tellurid,  575 
Grana  equivalent,  SO 

moiecular  weight,  59 
Gmphit^,  393 
Groenokitc,  509.  511 
Gtii^at's  Rreeit,  308 
Gunpowder,  549 
GurMlite,  495 
Gypsum,  487,  492 

Halids,  222 
Halite,  527 
Halo  acids,  74 

iridates,  610 

palladatee,  608 

platinates,  613 

platinitee,  613 

salts,  74 
Halogens,  222 

oxtdfA  atid  acids  of,  247 

oxyions  of  ^  261 
HaioJd  acids,  235 

salts,  222 
HaninuBs  of  water,  210,  494 
Hartshorn,  323 
Hatchet's  l)^'J\^'n,  592 
Hauerit^N  570,  5S2 
Hausiiiaimit*?,  576,  579 
Heat,  IS 

at  constant  pressure,  144 

at  constant  volume,  144 

atonjic,  20,  21 

capacity,  20 

definition  of,  18 

detenninations,  144,  146 

inUMisily  of     s 

DWH^htuilcal  efjuivalent  of,  32 

niolefuhir  2 

of  chemical  solution,  143 
chemieal  union,  142 

0.>Ial>LiSlLOIL        47 

decomjiosilion,  142 

dihilion     43 

formation,  142,  148 

fusion,  107 

hydration,  143 

neutraUzation,  147 

b:isicity  of  acids  by,  148 

solution,  142 

vaporization,  110 
quantity  of,  19 
specific,  20 

cliange  of,  20 


Heat  unit,  20 
Heavy  spar,  500,  502 
H  el  i  olds,  217 
HrIIuhi,  217 
Hematkt?*  SS5,  594 
HesBitc.  562 
Hexagonal  system,  96 
Hornblende.  472 
Horn  silver,  562,  566 
Hyacinth,  44^ 
Hvdrates,  74 
Hvdnixiu.  333 

'hvdroxjd,  334 
Hydra/oates,  3SA 
Hvdroearlx>iis,  399 
Hydrogen,  178.  182 

antimonid,  3f4 

arsenid.  366,  367 

bond,  466 

bromid,  242 

carbids,  399 

chlorid,  237 

cyanid,  418 

diphosphid,  354 

fluorid,  235 

iodid,  245 

ion,  188 

nitrids,  323 

oxids  of,  199 

pen)xid,  213 

persulfid,  274 

phosphid,  352 

selenid,  297 

silicid,  421 

sulftd,  270 

tellurid,  300 

tetraphosphid,  354 

unit,  173 
Hydrr^geniuin^  1R5 
Hydr^jlviii^,  S-S 
H  V  drome  tf*  re,  15 
Hytlrtitjidfids.  273 
Hvdrosulfur\'l,  270 
nVdrojids,  i<J4 
Hydroxvl,  5S,  H)9 
Hydroxylamin,333 

nitrate,  340 
Hypo,  293,  532 
HyjwantiiTioiiAtes,  377 
Hypcjbromites,  257 
Hypochlorites,  253 
Hvp(K"hlDrniL^  ox  id,  250 
Hyixinit  rites,  341 
HyporiitriJUfl  o\id,  336 
Hvpnphosphltes,  359 
HVp<iHulfites.  285 
Hypo  vanadates,  3S§ 

Ice,  205 
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loe  plant,  327 
Iceland  spar,  495 
Identification  of  substances,  5 
lUuminating-gas,  404 
Indian  red,  595 
Indicators,  89 
Indium,  475 

compounds,  475 
'Induction,  5 
Interaction   of   solids,   liquids,    and 

gases,  118 
International  atomic  weights,  621 
lodargyrite,  566 
lodates,  259 
Iodic  oxid,  258 
lodid  ion.  246 
lodids,  246 
lodin,  232 

acids  of,  258 

bromids,  246 

chlorids,  246 

fluorid,  246 

oxids  of,  25S 

pentoxid,  258 
Iodoform,  408 
Ionization,  159 

and  chemical  activity,  162 

constant,  160 

of  fused  substances,  169 
Ions,  29,  58 

migration  of,  162,  167 

naming  of,  58 

velocity  of,  163,  168 
Iridium,  609 
•    alloys,  610 

comi)ounds,  610 
Iron,^ 

alloys,  590 

alums,  597 

arsenids,  596 

borates,  508 

carbids,  596 

carbonates,  598 

carbon}^,  410,  598 

compounds,  590 

disulfate,  597 

halids,  591 

hydroxids,  594,  595 

ions,  590 

nitrates.  597 

nitrid,  596 

ores,  587 

reduction  of,  5S7 

oxids,  593,  594.  595 

perchlorate,  597 

phosphates.  598 

phosphid,  596 

pyrites,  585,  596 

salts,  597 


Iron  series,  585 

silicates,  598 

silicids,  596 

sulfates,  597 

sulfids,  595,  596 

sulfites,  597 

thiocyanates,  593 
Isodimorphism,  97 
Isomerism,  60 
Isometric  system,  94 
Isomorphism.  97 
Isotomic  coefficient,  123 
Itacolumite,  391 
Ivoryblack,  396 

Jet,  397 
Joule,  30 

Kainite,  537,  546 
Kaolin,  472 
Krypton,  220 

Lakes,  471 
Lampblack,  396 
Lantnanum,  479 

compounds,  479-480 
Laughmg-gas,  337 
Laurite,  605  * 

Law  of  Ampere,  54 

Avogaaro,  54 

Boyle,  101 

Charles,  102 

combination  by  volume,  64 

combining  weights,  37 

conservation  of  energy,  32,  36 

conservation  of  mass,  36 

conservation  of  weight,  36 

constant  proportions,  36 

Dalton,  102 

diffusion,  127,  138 

dilution,  161 

Dulong  and  Petit,  20 

Faraday,  158 

Fick,  127 

Gay-Lussac,  54, 102 

Henry,  138 

Hess,  145 

Kirchhoff ,  25 

Kdhlrausch,  167 

mass  action,  85 

maximum  work,  145 

multiple  proportions,  37 

Ostwald,  161 

transformation  of  energy,  32,  36 

Trouton,  110 
periodic,  47 
Laws,  5 
fundamental,  of  chemistry,  86 
of  gases,  101 
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Lithium  eotn  pounds,  523,  52i^^^H 

^H                       thcnnocheDiislrv,  145 

I^adsitone,  595                                ^H 

^H                Lead,  436 

Lc^LlitiiB^ite,  596                                  ^H 

^^1                  acetates,  444 

Lunar  caustie,  569                         ^^t 

^^M                 acid,  441 

^^^^^H 

^H                  allo\^,  438 

Majpialium,  469                         ^^^^H 

^^^^^            bromchlorid,  439 

Ma^essiii'  484                           ^^^^H 

^^^M           broniid,  439 

alba,  483,  486                         ^^^H 

^^^^^H           carbonates.  444 

calcined,  4S4                           ^^^^^1 

^^^^H           chlonds,  439 

nuxture,  620                          ^^^^B 

^^^H           chlorofluond,  439 
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^^^^H          ehromat^,  443 
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^^^^H          compounds,  43S 
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^^^^^H           cyanidp  440 
^^^H          fluorid,  439 

summonium  chlorid,  4M               ^H 

phosphate,  486                         ^M 

^^^H          haltd^H,  439 
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^^^H          hvdroxirig,  440,  441 
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^^^H          iodid,  440 

bond,  ^HS                             ^^^H 

^^^^^V          iodobromidp  440 
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^^^^H          iodochLorid,  440 

carbonates,  4S6                    ^^^^H 

^^^^H           nitmt^eit,  444 
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^^^^H          (x^ychltiridHt  439 
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^^^^^B           phDS|>Kate8,  444 
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^^^^^1          pt>bon]ng,  436 
^^^H           Bait^,  442 

group,  4K1                                 ^^^^H 
hydfosulf^d,  485                      ^^^M 

^^^^H           selenid,  442 

hvdroxid,  485                         ^^^1 

^^^^H          sHic-ati^,  445 

iddid,  484                                ^^^H 

^^^^1          soap,  440 

^^^H 

^^^^H          Btomg!e  batt^iy,  443 

nitrate,  4S6                            ^^^^1 

^^^^B         siigaf  or,  444 

nitrid,  4SB                           ^^^H 

^^^m          milfat^,  442 

oxid,  484                               ^^H 

^^H          Bu)f}d,  442 

phoBplmt^es,  4S6                      ^^^^H 

^^^H          suHochlorid,  442 

phfj^phtd,  485                        ^^^^1 

^^M           telluHd,  442 

selcnid,  485                             ^^^H 

^^^^V           vinegar,  444 
^^^            white,  445 

silicates,  486                           ^^^H 

inlicid,  485                             ^^H 

^^H             Le  BUmf  prooc£is,  535 

sulfate,  4^5                             ^^H 

^m             Litietiienite,  561 

sul6d,  485                              ^^H 

^H             Light,  22 

Ma^etite,  5S5.  595                  ^^H 

^^H                  chemical  equivalent  of,  152 

Majolica,  473                              ^^^^1 
Malachite,  554,  561                   ^^^H 

^^M                  ref nic'tion  of,  22 

^B             Li^nit^,  397 

Mangaiiatc^,  580                        ^^^^H 

^m             Lime,  489 

Manganese,  576                           ^^^^H 

^m                 ehlorid  of,  490 

a^ld^,  578,  579                        ^^H 

^B                li^ht,  201,  4S9 
^H                 milk  of,  490 

aUovs,  577                             ^^^1 

alum?,  582                               ^^^H 

^H                water,  490 

amalj^am,  577                        ^^^^1 

^H              Linitsstone,  4S7,  494 

borate,  582                              ^^^H 

^H              Linionite,  594 

bronze,  577                             ^^^H 

^H              Lirtn^ito,  601 

earlxniate,  5^2                          ^^^^| 

^H             LiqucfactiQu  by  pressure,  Ul 
^H                          and  cold,  112 

compounds,  577                     ^^^^H 

dioxtd,  579                             ^^^H 

^H                  of  air,  455 
^H                     gases,  110 
^m             Liquidi,  2,  97 

group,  576                               ^^^^H 
riali(k,  578                              ^^H 

hvdmxjd.^,  578,  579               ^^^H 

^H                 evaix>mtiQn  of,  108 

ions,  577,  .^81                          ^^^H 

^H              Litluirge,  440 

tiitrat«,  5S2                           ^^^H 

^H              Lithiutii,  5:^ 

ojdds,  57$,  579,  580              ^^H 
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Manganese  phosphate,  582 

salts,  582 

silicates,  582 

sulfates,  582 

sulfids,  582 
Manganite,  576 
Manganites,  579 
Manganoids,  576 
Marble,  494 
Marcasite,  379,  596 
Marl,  472 
Marsh-gas,  400 

series,  400 
Marsh's  test  for  arsenic,  367 
^Mass,  12 

action  and  (Association,  88 
and  ^asee,  105 
and  ions,  160 
law  of,  85 
Massicot,  440 
Matches,  350 
Matlockite,  439 
Matter,  2 

indestructible,  2 

states  of,  2 
Measurements,  IX 
Meerschaum,  486 
Melaconite,  553,  559 
Melting-point,  106 

effect  of  pressure  on,  107 

of  mixtures,  120 
Mercurammonium  compounds,  518 
Mercury,  512 

alloys,  514 

bromids,  516 

carbonates,  520 

chlorids,  5i5 

com]30imds,  514 

cyanid,  516 

'  ^uble  halids,  517 

fluorids,  515  ' 

halids,  515 

hydroxids,  517 

iodids.  516 

ions,  514 

nitrates,  519 

nitrid,  518 

oxids,  517 

oxvchlorids,  516 

safts,  519 

selenid,  518 

sulfates,  519 

sulfids.  517 

sulfo-halids,  518 
Metals,  46 
Metalloids.  46.  319 
Metaphoaphates  362 
Metastable  phase.  116 
M«.tastannates,  435 


Meter,  10 
Methane,  400 
Methjl,  401 
Metnc  system,  10 
Microcosmic  salt,  360,  534 
Migration  of  ions,  162 
MiUerite,  604 
Minium,  441 
Mixtures,  57 

with  constant  boiling-point,  136 
Mol,  59 

volume  of,  59 
Molecular  compounds,  57 

conductivity,  164,  166 

formula,  60 

interspaces,  3 

motion,  3 

quantity,  59 

stability,  77 

volume,  56 
Molecular  weight,  2,  58,  171 
by  boiling-point,  130 
by  freezing-point,  133. 
by  osmotic  perssure,  124 
determinations,  59 
Molecules,  2,  54 

compound,  57 

elemental,  56 

size  of,  2 

theory  of,  54 
Molybdate  solution,  620 
Molybdates,  313 
Molybdenite,  310 
Molybdenum,  310 

acids,  313 

compounds,  311 

halids,  311,312 

hjjdroxids,  312 

mixed  halids,  312 

oxids,  312 

oxyhalids,  311,312 

selenid,  314 

sulfids,  314 
Molybdic  ocher,  310 
Monoclinic  system,  95 
Mordants,  471 
Mortars,  490 
Mosaic  gold,  435 
Mottraipite,  384 
Muntz  metal,  556 

Nascent  action,  57 

state,  57 
Natron,  534 
Naphtha,  407 
Natural  gas,  406 
Negative  elements,  47 
Neodymium,  388 
Neon.  218 


644 


INDEX. 


Nessler's  reagent,  519,  620 
Neutralization,  89 
Niccolite,  602 
Nickel,  602 
alloys,  603 
blend,  602,  604 
carbonate,  604 
carbonyl,  603 
coin,  603 

com^unds,  603 

c>'anid,  603 

ferricyanid,  603 

ferrocyanid,  603 

glance,  602 

halids,  603 

hydroxids,  604 

ion,  603 

nitrate,  604 

oxids,  603,  604 

phosphid.  604 

plating,  603 

salts,  604 

silicid,  604 

sulfate,  604 

sulRd,  604 
Niobium,  387 
Niter,  320,  537,  548 
Nitrates,  345 
Nitric  oxid,  340 
Nitrids,  328 
Nitrites,  341 
Xitro  compounds,  340 
Nitrogen,  320 

acids  of,  311 

bromid.  335 

chlorid,  334 

compounds,  322 

dioxid.  337 

group.  310 

halids,  334 

hvdrids.  323 

iodid,  335 

ox  ids.  335 

oxyhaliiis.  340 

pentoxid.  340 

sclenid.  3i() 

sulfid.  3M) 

tetroxid.  339 

trioxid,  338 
Nitroglvcerine,  343,  460 
Nitroids.  .319 
N i t  ro { ) niss i ; it  es ,  593 
Nitroso  oonipounds,  340 
Nitrosulfonic  chlorid,  346 

oxid.  34() 
Nitrosvl  l)romid,  310 

chlorid.  3U) 

sulfuric  acid,  287 
Nitrous  oxid,  338 


Noble  gases,  217 
Non-metals,  46 

Ocher,  595 
Octahedrite,  447 
Ohm.  30  - 
Oil  of  vitriol,  286 
Okenite,  495 
Olivenite,  561 
Olivine,  486 
Onvx,  425 
Oolite,  487 
Opal,  425 

Opalescence,  27,  425 
Order  of  treatment,  180 
Organic  chemistry,  399 
Organic  compounds,  399 
Orpiment,  364,  371 
Orthophosphates,  360 
Orthorhombic  system,  95 
Osmiridium,  609 
Osmium,  608 

compounds,  609 
Osmotic  pressure,  122 
and  gas  laws,  124 
Oxidation,  81 
Oxidizing  agent,  192 
Oxids,  194 
Oxy acids,  66 
Oxygen,  178,  189 

ion, 198 

valence  of,  198 
Oxyhydrogen  flame,  201 
Oxvions  of  the  halogens,  261 
Ozone,  195 

Palladinoids.  584,  605 
Palladium,  007 

alloys,  iM)7 

compounds,  607 

halids.  607 

hydrid.  r)07 

hvdroxids,  608 

oxids.  008 

salts,  008 

series,  605 
Para cyanogen, 418 
Paraffin,  401 
Paris  green,  561 
Parkes  process,  503 
Parting  of  silver  and  gold,  562 
Pateraite,  310 
Pattinson  process,  503 
Pearbish,  549 
Peat,  397 

Percentage  composition,  172 
Perchlorates,  250 
Perchloric  oxid,  252 
Percy-Patera  process,  563 
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Periodates,  260 
Periodic  classification,  47,  49 
defects  of,  53 

table,  40 
discussion  of,  50 
Perissads,  43 
Permanganates,  580 
Pemithenates,  606 
Persulfates,  292 
Persulfuric  oxid,  282 
Peniranates,  318 
Petalite,  523 
Petroleum,  407 
Petzite,  570 
Pewter,  432 
Phase  rule,  114 
Phenacite,  482 
Philosopher's  wool,  607 
Phlogiston,  458 
Phospham,  363 
Phosphamid,  363 
Phosphate  fertilizers,  494 
Phosphates,  360,  361 
Phosphids,  351 
Phosphin,  352 
Phosphites,  359 
Phosphochalcite,  561 
Phosphonium,  353 

compounds,  353 
Phosphor-bronze,  432 
Phosphorescence,  27 
Phosphorite,  347 
Phosphorous,  346 

acids  of,  357 

allotropes,  348 

black,  350 

bromids,  355 

chlorids,  355 

compounds,  351 

fluorids,  355 

halids,  354 

bydrids,  351 

iodids.  355 

monoxid,  357 

nitrids,  363 

oxids,  355,  356,  357 

oxybromchlorid,  363 

oxyhalids,  362 

pentoxid,  357 

red,  348,  349 

selenids,  363 

siilfids,  363 

tellurid.  363 

tetroxid,  357 

thiohalids,  363 

trioxid,  356 

yellow,  348 
Photochemistry,  150 

history  of.  150 


Photography,  567 
Photolysis,  153 
Physical  action,  6 

change,  6 

chemistry,  92 

properties,  4 

state,  chances  of,  106 
Physics  and  cnemistry,  5 . 
Physics  defined,  6 
Pig  iron,  587 
Pitchblende,  316 
Placer  mining,  571 
Plaster  of  Paris,  493 
Phitiniridium,  609 
Platinoids,  584,  608 
Platinum,  611 

alloys,  612 

ammonia  compounds,  614 

black,  611 

bromids,  613 

chlorids,  612,  613 

compounds,  612 

cyanid,  613 

halids,  612 

halo  acids  and  salts,  613 

hydroxids,  614 

iodids,  613 

oxids,  61't 

series,  608 

spongy,  611 

sulfi^,  614 

with  the  nitroids,  614 
Plumbago,  393 
Plumbates,  441 
Polarization  of  light,  26 
Pollucite,  552 
Polonium,  616 
Polybasite,  562 
Porcelain,  473 
Portland  cement,  490 
Positive  elements,  47 
Potash,  caustic,  543 
Pot-ashes,  549 
Potassamin,  544 
Potassium,  537 

alloys,  539 

alum,  546 

aiuminate,  550 

amalgam,  514,  539 

aurat«,  575 

bicarbonate,  549,  650 

borates,  550 

bromate,  545 

bromid,  541 

carbonates,  549,  550 

chlorate,  545 

chlorid,  541 

chlorochromate,  548 

chloroplatinate,  613 
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Potassium  chloroplatinite,  613 

chromate,  547 

chromium  sulfate,  546 

compounds,  539 

cyanate,  542 

cyanaurate,  574 

cjranid,  542 

(uchromate,  547 

disulfate,  547 

ferrate,  695 

ferricyanide,  592 

ferrocyanid,  592 

fluorid,  541 

fluosilicate,  550 

eroup,  521 

halids,  540 

hydrid,  540 

hydrosulfid,  544 

hydroxid,  543 

hypochlorite,  545 

ioaate,  545 

iodid,  541 

ion,  539 

manganate,  580 

nitrate,  548 

nit  rid,  544 

nitrite,  548 

oxids,  542  * 

perbromate,  545 

perchlorate,  545 

periodate,  515 

penTianp:anate,  580 

polysulfuls,  544 

salts.  511 

selenid,  544 

sili caters,  550 

sulfates,  540 

sulfids,  514 

suKites.  510 

telliirid,  54  1 

t-etrachromate,  548 

thiocyanale,  542 

thirtsalts.  544 

trichrornato,  548 
Poitjissoids,  521 
Potent  ial,  28 
PriiHeodyriiinm.  388 
Procipitation.  SI 
Pressure,  atmospheric,  99 

osmotic,  122 

standard,  100 
Pivssun^ternperature  curves,  114 
Pressure-volume  curves,  113 
Prince  Rupert  drops,  495 
Properties,  1 
Prouj^tite.  502 
Prussian  l)lue.  592 
Pseudo-alums,  472 
Pseudo- valence,  63 


Pucherite,  384 
Purple  of  Cassius,  572 
Pyknometer,  14 
I^rarKyrite,  562 
Pyrochlore,  387 
Pyrolusite,  576,  579 
F^romorphite,  444 
I^rophosphates,  361 
Pyroxene,  487 

Quartz,  424 
Queen's  metal,  432 
Quicksilver,  512 

Radiant  energ^r,  150 

chemical  action  of,  150 
Radicals,  58,  63 
Radioactivity,  153 

theory  of,  156 
Radiograph,  154 
Radium,  616 
Radium  rays,  154 
Reaction  velocity,  80 
Reactions,  78,  83 

cause  of,  81 

complete,  87 

general,  84 

molecular,  79^ 

ordinary,  83 

reversible,  85 
Realgar,  364,  371 
Red  precipitate,  517 
Reducing  agent,  186 
Reduction,  81 

for  pressure,  174 
temperature,  175 
Refraction,  22 

double,  20 
Rhodium,  (iOO 

compounds,  006 
Rhodocrosite,  576,  582 
Rhodonite,  582 
Rock  salt,  527 
Roentgen  rays,  153 
Rubidium,  550 

chloroplatinate,  614 

compounds,  551 
Ruby,  408,  470 
Ruthenates,  006 
Ruthenium,  ()05 

compounds,  005,  606 
RutUe,  447 

Safety  matches,  545 
Sal  ammoniac,  329 
Salt,  common,  527 
Saltpeter,  320,  548 
Salts,  64,  70 
acid,  72 
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Salts,  basic,  72 

binanr,  66 

double,  72 

naming  of,  71 

normal,  72 

properties  of,  73 

structural  foiteulas  of,  71 

writing  formulas  of,  71 

thio-,  74 
Samarium,  583 
Samarskite,  387 
Sapphire,  468,  470 
Sassolite,  467 
Scales,  12 
Scandium,  478 

compounds,  478 

group,  478 
Scandoids,  478 
Scheele's  green,  561 
Scheelite,  314 
Schlippe's  salt,  378 
Selenates,  299 
Selenids,  297 
Selenite,  487,  492 
Selenites,  299 
Selenium,  295 

acids,  298 

allotropes  of,  296 

compounds,  297 

flowers  of,  296 

halids,  298 

metallic,  297 

oxids,  298 

oxyhalids,  299 

red  crystalline,  297 

sulfids.  299 

vitreous,  296 
Seleno-antimonates,  378 
Sellaite,  484 
Serpentine,  486 
Siderite,  585,  598 
Siemans-Martin  process,  589 
Siemens  unit,  164 
Silica,  423,  424 
Silicates,  427 
Silicids,  422 
Silicon,  420 

acids,  426 

amorphous,  420,  421 

bromids,  423 

bromtrichlorid,  423 

carbid,  428 

chlorhydrosulfid,  427 

chlorids,  423 

chloroform,  423 

compounds,  421 

crystallized,  420,  421 

fluorids,  422,  423 

haUds,  422 


Silicon  iodids,  423 

iodoform,  423 

oxid,  423 

oxychlorid,  423 

sufed,  427 
Silver,  561  . 

allotropes,  563 

alloys,  564 

alum,  569 

amalgam,  514 

arsenate,  569 

arsenite,  569 

bromate,  568 

bromchlorid,  566 

bromid,  566« 

carbonate,  570 

chlorate,  568 

chlorid,  566 

chlorite,  568 

chloroplatinate,  614 

chromate,  569 

colloidal,  563 

compounds,  565 

cyanate,  567 

cyanid,  566 

dichromate,  569 

fluorid,  566 

frosted,  564 

halids,  566 

hydrazoate,  568 

hydroxid.  568 

hyponitrite,  569 

ioaate,  568 

iodid,  566 

ion,  565 

metallurg\'  of,  563 

molecular,  563 

nitrate,  569 

nitrid,  5<)8 

nitrite,  569 

oxids,  567,  568 

phosphates,  569 

plating,  565 

salts,  568 

selenid,  568 

silicates,  570 

sulfate,  569 

sulfids,  568 

sulfite,  568 

sulfo-cvanate,  567 

tellurid,  568 

tree,  514 

thiosulfates,  569 
Silvering,  565 
Skutterudite.  601 
Smalt,  599 
Smaltite,  599.  601 
Smithsonite,  504,  508 
Soda,  534,  535 
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Soda  ash,  534 
caustic,  529 
lime,  489 
niter,  532 
Sodium,  525 
acetate,  537 
alloys,  526 
alum,  532 
aluminates,  537 
amalgam,  514 
ammonium  phosphate,  534 
arsenates,  534 
arsenid,  530 
borates,  536 
bromate,  531 
bromid,  529 
carbonates,  534 
chlorate,  530 
chloraurate,  574 
chlorid,  527 
chloroplatinate,  614 
comi>ounds,  526 
cyanid,  529 
diphosphate,  534 
disulfate,  532 
fluorid,  527 
fiuosilicate,  536 
halids,  527 
hydrid,  526 
hydrosulfid,  530 

hydroxid,  529 

hypobromite,  531 

hypochlorite,  530 

hyposulfite,  531 

iodate,  531 

iodid,  529 

ion,  526 

nitrate,  532 

nitrid,  530 

nitrite,  .532 

nitroprussiate,  593 

oxids.  529 

perchlorate,  531 

periodates,  531 

pcroxid,  529 
.  phosphates,  .533,  534 

phosphid,  530 

salts,  .530 

selenids,  .530 

silicates,  536 

stannate,  ,5,36 

sulfates,  .531,  532 

sulfids,  .5:^0 

sulfites,  ,531 

tellurids.  530 

tetraborate,  .5.36 

thiosulfate,  5,32 
Solder.  432 
Solidification,  106 


Solid  solutions,  119 

Sroperties  of,  120 
ds,  2,  92 

evaporation  of,  107 

form  and  structure  of,  92 

kinetic  theory  of,  107 
Solubility,  118 

coefficient  of,  118,  137 

curves  of,  122 

limits  of,  120 

pressure  and,  121 

temperature  and,  121 
Solute,  118 

dissociation  of,  119 
Solution,  119 

chemical,  137,  143 

colloidal,  128      -^ 

saturated,  121 

supersaturated,  121 

theory  of,  119 

unsaturated,  121 
Solution  pressure,  119 
Solutions,  118,  619,  620 

boiling-point  of,  129 

conductivity  of,  163 

freezing-point  of,  131 

isotonic,  124 

of  gases  in  ^ases,  138 
gases  in  liauids,  137 

f^ases  in  solids,  135 
iquids  in  leases,  137 
liquids  in  liauids,  135 
liquids  in  solids,  120 
solids  in  gases,  135 
solids  in  liquids,  120 
solids  in  solids,  119 
specific  gravity  of,  118 
vapor  pressure  of,  128 
Solvent,  lis 
Solwav  process,  535 
Specific  conductivity,  164 
gravity,  13 

of  gases,  174 
heat,  20 
resistance,  164 
Spectroscope,  23 
Spectrum,  23 
Speculum  metal,  432 
Spiegeleisen,  588 
Spinel,  468 
Spodumene,  523 
Stalactites     and     stalagmites,    211, 

494 
Standard  conditions,  15 

pre>>sure.  100 
Stannat<}s,  435 
States  of  matter,  2,  92 
Statics,  1 
Steam,  205 
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Steel,  5S9 

Stereochemistry,  61 
Stereotype  metal,  373 
Stibin,  374 
Stibnite,  372,  378 
Stiboniiim  compounds,  375 
Stolzite,  314 
Stoneware,  473 
Storage  battery,  443 
Strass,  496 
Stromeyerite,  562 
Strontianite,  497 
Strontium,  497 

compounds,  498,  499 

ion.  498 
Sublimation,  108 
Substance,  5 
Suint,  549 
Sulfates,  291 
Sulfid  ion,  269 
Sulfids,  273 
Sulfites,  285 
Sulfoids,  262 
Sulfur,  263 

acids  of,  283 

allotropes  of,  266 

amorphous,  267 

bromid,  277 

chloride,  275,  276 

compounds,  269 

diond,  277 

flowers  of,  265,  267 

fluorid,  275 

group,  262 

halicb,  275 

hydroxychlorid,  294 

iodids,  277 

ions,  269 

milk  of,  267,  491 

monoclinic,  266 

octahedral,  266 

oxids,  277 

oxybromids,  295 

oxychlorids,  294 

peroxid,  282 

plastic,  267 

prismatic,  266 

rhombic,  266 

roll,  197,  265,  267 

sesquioxid.  282 

trioxid,  281 
Sulfuric  oxid,  281 
Sulfurous  oxid,  277 
Surface  tension,  98 
Sylvanite,  570,  575 
Sylvite.  537,  541 
Symbols,  35 
Sympathetic  ink,  600 
j^thesis.  83 


Tachhydrite,  484 
Talc,  486 
Tantalates,  389 
Tantalite,  387 
Tantalum,  388 

compounds,  388,  389 
Tartar  emetic,  377 
Tellurates,  302 
Tellurids,  301 
Tellurite,  301 
Tellurites,  302 
Tellurium,  299 

acids,  301 

compounds,  300 

halids,  301 

oxids,  301 
Temperature,  18 

absolute,  19 

corrections,  15 

kindling,  459 
Temperatures,  extreme,  19 
Tension,  surface,  98 

vapor,  108 
Terbmm,  475 

compounds,  476 
Ternary  compounds,  66 
Temeplate,  431 
Terra-cotta,  473 
Tetragonal  system,  94 
Tetrathionates,  293 
Thallium,  476 

alum,  477 

compounds,  476 

halids,  476 

hydroxids,  477 

oxids,  477 

salts,  477 

sulfids,  477 
Thenardite,  531 
Theoretical  chemistry,  34 
Theories,  5 
Theory  of  atoms,  38 
molecules,  54 
solutions,  119 
Thermal  equations,  140 
Thermochemistry,  140 

laws  of,  145 
Thermolysis,  88 
Thermometers.  18,  618 
Thermoneutrality  of   salt  solutions, 

147 
Thio  acids,  74 

antimonates,  378 

arsenates,  372 

aurates.  575 

bases,  74 

carbonates,  417 

cyanates,  420 

ferrites.  596 


^W^^650                                                                                 ^^^^^^^1 

^H             Thlcj  molyhfjateiSp  314 

Ttinfrsten  bronzes,  316             ^^^^H 

^H                 pliospb^tes,  363 

compnunds,  315  ^^^^H 
hfLlids,  315                             ^^^H 

^H                 mitM,  74 

^^M                6larmat€i!i,  435 

ocher.  314,  315                       ^^^H 

^H                  mirat(^.%  293 

oxidB,  315                             ^^^^H 

^H                  ttJimstiitesi.  316 

owhalids,  315                       ^^^^H 

^H              Thicimitei^.  293 

sel^Bnid,  316                             ^^^H 

^H               Thofitp,  450 

5ul6dB,  316                               ^^^H 

^K             Thontim,  450 

Tun|^tH<>,  31 4                          ^^^H 

^^H                   ooiitpciujtib^,  450 

Tumliiill'fl  Uhm,  593                  ^^^H 

^H              ThuIhiiLu  234 

Turpeih  minem],  519                 ^^^^H 

^M              Tile^,  473 

Tyrquoise*  46H                           ^^^^H 

^H              Tin,  4'29 

Type  metal,  438                         ^^^H 

^H                 acid?,  434 

^^^^^H 

^H                  ailoy!^,  431 

Ultramjirine,  473                      ^^^^| 

^^H                  omalgnin,  431 

rndercooliTi^,  1(>6                    ^^^^H 

^^H                 amnqilious,  431 

Unit  of  diictricity,  29               ^^^^H 

^H                  bromuis.  433,  434 

exteEiision,  10                       ^^^^^| 

^^1                 brcmu'hloriciB,  434 

^^^H 

^H                 butter  of,  4;)3 

surface,                                ^^^^^| 

^H                  rhlorkls,  433 

volume,  10                          ^^^^^| 

^^H                 rom|]oiuidtt,  432 

weight,                                ^^^^H 

^H                  fluorhli),  433 

Uranat^^,  31SI                            ^^^^H 

^B                  foil,  431.432 

Uraiiiitm,  315                           ^^^^H 

^H                  bfklidB.  433 

adds  of «  3 IS                          ^^^^1 

^H                 hvdr^ixiib,  434 

eomnounds,  317  ^^^^H 
halids,  317                             ^^^H 

^H                 iiKjiil^,  434 

^H                  ionsp  432 

hydroxtd^.  317                       ^^^^H 

^H                 nttnitca,  436 

,317                              ^^^^H 

^H                 oxid^,  434 

eul6d^.  31H                              ^^^H 

^H                  phospltate,  436 

Uranc^o  conipoynds,  318         ^^^^| 

^^H                  pho^phjd,  435 
^B                  pkte.  431 

I'ratiyl  conipounda,  31 S  ^^^^H 
ivitrale,  345                            ^^^^| 

^H                 m\U,  436 

saltM,  318                                ^^^M 

^H                 Euifnt^^,  436 

Urea.  410                                   ^^^B 

^H                 sulHdB,  435 

^^^^^H 

^H              Tifi'Slour,  431),  434 

Valence »  42                                 ^^^^H 

^m         TitL-tFt'P.  131 

acidic,  52                                ^^^H 

^^m               Titan  mm,  440 

changt^  of,  43                         ^^^^H 

^H                  acid.s  447 

normal,                                    ^^^^^M 

^^B                  contfKjmids,  447,  44S 

Valentmite,  376                        ^^^^| 

^^M                  groyp,  446 

Vanadatei^,  386                          ^^^^1 

^m                  «ilUs  448 

Vanadiriite,  384                         ^^^H 

^H              TitaiiDids.  446 

Vaaadium,  384                           ^^^^H 

^B              Toniljar.  556 

ai-idi^  of,  386                           ^^^H 

^M              Topax,  468,  470 

bronze,  386                              ^^^^H 

^H              TraiisfonuiitKJii  cif  enefigy»  32 

compounds,  385                    ^^^^H 

^^K              Tranap^irt  nmiilx'TB,  163 

group.  3K4  ^^^H 
h&lidB,  385                              ^^^H 

^H              Travertirui,  4«7,  494 

^H             Triclinic  sv^t^jui,  96 

hydroxids,  386                      ^^^H 

^m              Trld>Ttiite;  424 

nitrida,  387                            ^^^^1 

^^m             Tiimorplu'^m,  97 

oxid^  of,  3S5,  3SS                  ^^^^| 

^H              Triple  pohit,  116 

oxyb^ilids,  3S5                        ^^^H 

^H             Trislllcfilo^,  427 

ealta,  386                                ^^^H 

^H              Tritfiionatos,  203 

aulflds,  386                             ^^^M 

^H             Tmna,  535 

Vonadoids,  384                          ^^^H 

^H             Tunj^tates.  316 

Vas&dyl  compounds,  385         ^^^^H 

^H              Tungsten,  314 

Vapor 'density,  15                      ^^^^1 

^H                 ac-lda,  316 

_  _| 
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Vapor  pressure  of  mixed  liquids,  135 
of  solutions,  128 

tension,  108 
table  of,  176 
Vaporization,  110 

heat  of,  110 
Vein  mininff,  571 
Velocity  of  ions,  163, 168 
Venetian  red,  595 
Ventilation,  457 
Verdigris,  561 
Vermilion,  517 
Viscosity,  98 
Vitriols,  508 
Vivianite,  347,  608 
Volt,  30 
Volume,  atomic,  52 

calculations,  173 

combinations,  54,  80 

equations,  80,  176 

molecular,  56 
Volumetric  analysis,  90 

Wackenroder's  solution,  294 
Wallastonite,  487,  495 
Water,  199 

composition  of,  202 

gas,  406 

maximum  density  of,  205 

of  constitution,  74,  199 

of  crystallization,  93 

of  hydration,  74 

piu-incation  of,  204 

vapor,  204 
Waters,  alkaline,  209 

calcic,  209 

carbonated,  208 

chalybeate,  209 

fresh,  209 

hard  and  soft,  210 

impurities  in,  211,  212 

mineral,  208 

natural,  208 

potable,  211 

saline,  209 

salt,  208 

sea,  208 

siliceous,  209 

sulfur,  208 

tests  of,  212 

thermal,  209 
Watt,  30 
Wavelite,  347 
Weight  calculations,  171 

units  of,  12 
Weights  and  measures,  618 
Weldon  process,  225 
Welsbach  burner,  462,  479 


White  lead,  445 

manufacture  of,  445 
Witherite,  500,  503 
Wolfenite,  310 
Wolframite,  314 
Wood,  composition  of,  991 

gas,  406 
Wrought  iron,  688 

Xenon,  220 
X-rays,  153 

Ytterbium,  480 

compounds,  480 
Yttrium,  478 

compounds,  479 

Zaffer,  600 

Ziervogel  process,  663 
Zinc,  504 

alloys,  506 

aluminatc,  504 

amalgam,  514 

blende.  504,  507 

bromid,  506 

carbonates,  508 

chlorid,  506 

com{)ounds,  606 

cyanid,  507 

dust,  505 

ferrite,  595 

fluorid,  506 

granulated,  183 

group,  504 

hydroxid,  507 

iodid,  506 

ion,  506 

nitrate,  508 

nitrid,  507 

oxid,  507 

phosphid,  507 

salts.  SOS 

selenid,  507 

silicates,  509 

sulfates,  508 

sulfids,  507 

tellurid,  507 

white,  507 
Zincates,  506 
Zincite,  504,  607 
Zincoids,  504 
Zircon,  448 
Zirconates,  449 
Zirconium,  448 

acids,  449 

compounds,  448 

salts,  449 
Zorgite,  559 


French  und  Ives's  Stereotomf., .  >. ^^,.««,t,,,»«.«,,^,t,,,,^.*.. Sl^t 

Gerh&rd'i  Guides  te  Sanitiuy  House- Inipectioiu  * » ,,,.«.,,..#,..  ^  t6ixiO|, 

*      McKlern  Baths  and  B«tb  Houses, ..«.«...,  ^ .«  . .  p .$vOt 

Sanitatton  of  Ptibllc  BuUdlnci  .^  ...,,.*,*.,., «««,,,.,.,«,., . . laina. 

Theatre  Fires  *iiid  Panics.  .,....,....,,,..,,.,,._,.., ISQW, 

Holler  and  L<ldd*s  Ajialyits  of  Mixei!  Paints,  Color  Pififmenttf  a^d  Varnisbei 

Laree  12  mo, 

Xohnfion'i  Statkfi  1^7  Algebraic  and  Graphic  Method!  . , , Svo, 

Kdinw^y  s.  How  to  Lay  Out  SuburbuD  Home  Grounds  .  ..,,.. , .  .Rva, 

Kidder^s  Architects*  and  Builder^'  Pocket-book.  .  , ,.,...  i^ma*  mor- 

Maire's  Modera  PismenCA  and  their  Vehicles  .  * ..._,.,.,.,,,  iim&m 

MerriU's  Ron-nietaUic  Mineraii:   Tbeir  Occurrence  and  Uses.  ._.♦...,,  ,8vo. 

Stones  for  Buildinf  and  Decoratioo. . .  /. .Sft», 

Monckton*s  Stair-building.  . , *...,**,.,,.<....♦....  *4to» 

Patton's  PracttcAl  Treatise  qq  Foi^ndations,  ,.........*,«,,«.,«....  ^ , ,  Sto* 

Peabodf's  Navit!  Af chUecture   .,..,♦.**...........,**♦*.,♦♦,..* Bvo, 

Rice's  Concrete -block  Manufactiife  .*,,...-.,.,-..,*-..**,,,,....,  Svo, 

Richey's  Handbook  for  Superintendent  of  Construction., ........ i6mi^t  mof, 

•  Building  Mechanics'  EiAdy  Reference  Book: 

*  Building   Foreman's  Pocket  Book  and  Ready  Reference.     1  la 

Pret^aratloii.) 

*  Carpenters'  and  Woodworkers*  Edition.. . ,  *......  ,t6mo,  tao>t. 

*  Cement  Workers  and  Plaeterer's  Fdttion,  .  . . . . .t5mf),  m^e^r* 

*  Plumbers*,  Sieam-FiltewV  and  Tinner*'  EditioQ ....  160^0,  mor* 
^  SEone-  and  Brick -masons*  Edition..  ............    .i6mD«  mor. 

8thifl*s  House  Painting  ...........  c  .......................... .  i  :mo. 

Industrial  and  Artistic  Technology  o*  Psinta  and  Varnish, , , .  .fr'o, 

Siebeft  jind  Biggin's  Modem  Stone-c^tting  and  MaBonry.  .............   S^o, 

Snow's  Principal  Species  of  Wood.  .  * , » .    8vo, 

Towne*9  Lock^  and  Builders*  Hardware. ...  ,.,......,.^.^.... . iSmo,  mor. 

Wait*B  Engineering  &tid  ArcMtectucal  Jurisprudence  .,..,«,,, Svo^ 

Sheept 

Law  of  Contracts.  *.*.....,....,... .  8tq» 

Law  of  Operations  Prelim inar?  to  Construction  in  Engineering  and  Archi- 
tecture.         8vo, 

Sheep, 

Wilson's  Air  Cond'tioning ,  = .  .        r^ma, 

Worcester  and  Atkinson's  SmaJ!  Hospitala,  Establiahnnint  and  Malntensnce* 
Su^CBStions  lor  Hospital  Architecttire,  with  Fians  for  a  Small  Hog{»ifal. 

iimOi 
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Beraadott's  Smokeless  Powder,  Hitro-cellula«e,  and  th«  Theory  of  the  Cellulose 

Hoieeule ,.............,...,,,..,_,._.,,.,,  1  jmo, 

Chisels  Art  of  Fattem  Eiaking.      .....,,,,,,,. , i3mo» 

Screw  Propellers  and  JWarine  Propialsion.  . .  ....♦.,,,.. ,  ,8»o,    , 

doke's  Enlisted  Speciatist*!  Examiner.     {In  Pren.) 

Gunner's  Examiner  . «  ..*,...«.    .....•..,.,.. .....*.«.,,  .Bri>, 

Craig's  Azimuth,  .        .................... »4tO, 

Cr«hore  and  Squier*s  Polariilng  Photo-chronogriplt .....,,,.  Jto, 

*  Darls's  Elements  of  Law. .,.*.-.,......,.,,. .. .  8vo, 

*  Treatise  on  the  Mihtarf  Law  of  United  Stat«i.  -*♦,*.,..,.......  8to, 

Sheep. 
l>e  Brack's  CaTsIry  Outpost  Duties,     (CarrV. . .  ...,........,,  a^mo.  mor. 

*  Dudley's  Mintarv  Law  and  the  Procedure  of  Cotirts^mar^aL .  .  Large  i^mo, 
Dt^and's  ResistAUCe  and  Pr^pttlsion  of  Ships. ...................  .Svo, 
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*  Byer*!  Handbook  of  Light  ArtiiltrF.  *....,..,.,..,,,. « E)mo, 

EisslEf 's  Modem  High  Expiosivfrs.  ...........,,,...,  ^ ,, , ,..,*-  8¥o» 

*  Fiebef er's  Text-book:  on  Field  Foirtificiition. ...........  ^ ,.  * .  ,LftriB  tamo, 

Hamilto  D  And  8cind*«  The  GiiQjier''B  CAteetusm  .....................  tSmo, 

*  BoJI'i  Eki  lentory  IVjival  Tactici^ ...  ^  .,  h  ..,  ^  h.  ..«*..,.*......,.  .^ . «  Bvo, 

lnf.n.ilA*%  Handbook  of  PTobJejns  ia  Direct  Flrv*  *  •»  ^^  «,.,..*,,  ^  ,<,.  ^ » .Bvo, 

*  Lifsalt's  Ordnatic*  ind  Gwaaery .    .      -     - *..**..,.*..,.*...,.  .»^. 

*  LodJow'i  Logarithmic  and  Trigotiometrk  Tablei .  ,  .  ,    , , Svo^ 

1  *  LfOHS^B  Treatise  on  ELectTomagQetie  Ph«Qom«ai.  Voii.  L  uid  II..  Sro,  eacb, 
t^  Hahan's  Peirnfti^cDt  FoTti^catioas.      I  Mercux) ......,._..  -Svo^  hall  mor. 

'llafiual  tot  Courtfi-martiaL  , ,..,.....,...♦..,.., , .  .i6mOr  mot. 

*  M«tcxit''s  Attack  of  Fortified  Placea^ i  amo, 

*  Elemeats  ol  the  Art  of  War*  ,♦,.,..+  .. Bv9» 

Metcalf's  Cofit  of  Manufactures— And  the  AdaUiilvtratioQ  of  Workshop!     Svo, 
Hiion's  Adjutant*^  Manual .,.......,,.,...-............,.,.-     ^4010, 

JPf abody't  Niiiva)  Architecture. ......  ^ ..,,...«.._  ^ .  —  ,..«.,.,.,,..  8vo, 

I*  Pbelps^ft  Practical  BUrine  Surveying. .3«>( 

l^utnam'i  Ifautlcal  Charts k     Hit  Pr«t.> 

Sharpe's  Art  of  Subsiiting  Armies  in  War.  ,    .,_,...,,...,.....  tSmo,  mor. 

*  Tupta  acid  Poole's  Manual  of  Bayonet  Ejtefcises  itud    Miuketry  FeneiB^. 

34iaii«  JiMthert 

*  W«aTer'i  Militarf  ExplosivM. .,.««,...,.,. Sro, 

WoodhuU'i  NoCea  on  Military  Hy^leub .............,.,,«.*.,,.  lOma , 
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Betts's  Lead  Rcfi&mg  hf  Eleetrolyti*.  *.......,.,..................,.  8vo» 

Fle'cher's  Practical  Instructioni  in  QuaatiEative  Aaaaying  with  the  Blowjiipe. 

ihmo,  mof » 

Furman's  MAnual  of  Prsctical  Afvaying.  .,,,.....,_... .8vo, 

Ltxl^c's  Notes  on  Assaying  And  MetiiUiixgical  Laboratory  Experiments. . ,  .^vo. 
Low's  Technical  Methods  of  Or«  Analyj:i». .  ...         Svo^ 

Miiler'i  Cyanide  Process, .  .  ......  t3m^. 

Manual  of  Assaying. .,..,.  lamo, 

Mlaet's  Production  of  Aluminum  and  iti  InduitTta!  Uae.  4^^ Waldo).,  .  ,  tsmOi 
0*Dris<oli*i  Notei  on  the  Treatment  of  Gold  Ores,  ,,♦..,♦♦«..,.*..♦,.  .Svo, 

Etch«tt$  and  Miller 'S  Notes  on  Assaying. ....« <*............, .  ,8vq, 

Hobluti  and  Lenglen^s  Cyanide  Industry.     tL«  Clerc)., fivo» 

Pike's  Modem  Elcctrolyllc  Copper  Refinhig. ,....,..,,. ,..,.. 8vo, 

WUfton'ft  Chlorination  Process.  *  4  ,-.........*,...,.,.,*>.**,,,.., .  isedo, 

Cyvnide  Processes.  ,,,....,...*..........».... i  smo^ 
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Cdmstock's  Field  Aetrnnomy  for  EngineerB, , . ,  . . ,8yo,  a  50 

Craig*^  Aiimuth ...*,, .,  1 1 ,..,...... .  .4t<*,  3  50 

Crandairs  T«jtt-book  on  Geodesy  *nd  leftit  Squar«i., . , ........  <8¥o,  j  00 

Dootiitle'^  Treatij«  on  Practic^J  Astronomy^ ,..,,..,.,,...  .Svo,  4  00 

Gore's  Eiements  of  Gcodevy.  ... ....  h  ................... .  ,fivo,  a  50 

Hayford'g  Ttit-bnok  of  Geodetic  Aflronomy.  .  ,       . . , .Sto,  3  00 

Merriman's  Elements  ot  Precise  SurveyinE  anh  Geodety.  .....,,..,,,,  .8*0,  1  so 

•  Miebie  and  Harlow'«  Practical  Astronomy,  .....,,......„._..,.  .8vo,  3  oo 

Euat*s  Ei-meridiAn  Altitude,  Ailmuth  and  Star-Finding  Tables.    (In  Press.) 

*  Wblte*!  Elementa^f  Theoretical  and  Descrlptiy^  Astronomy  ....... .timo,  3  oo 
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CHEMISTRY. 

*  Abderhalden'f  Phyilological  Chemistry  In  Thirty  Lectorw.    (HaD  and  Defrm) 

Sto.  5  00 

*  Aben*!  Theory  of  Electrolytic  Diiwciation.   (von  Bnde) lamo,  z  as 

Alexeyeffj  Generel  Principles  of  Organic  Syntheies.    (XAtthews). 8to,  3  00 

Allen's  Tables  for  iron  Analysis. 8to,  3  00 

Arnold's  Compendium  of  Chemistry.    (Handel).. Lane  xaino,  3  50 

Association  of  State  and  National  Food  and  Dairy  Departments,  Hartford, 

Meeting,  1906 Svo,  3  00 

J;imestown  Meeting,  Z907  • 8yo,  3  00 

Austen's  Notes  for  Chemical  Students zamo,  z  50 

Baskerville's  Chemical  Elements.    (In  Preparation.) 

Bemadou's  Smokeless  Powder.—Nitro-ccilulose,  and  Theory  of  the  Cellulose 

Molecule lamo,  a  50 

e  Blanchard's  Synthetic  Inorganic  Chemistry. zamo,  x  co 

*  Browning's  Introduction  to  the  Rarer  Elements. 8vo,  i  50 

Brush  and  Penfleld's  Manual  of  Detenniaatlvs  Mineralogy. 8vo,  4  00 

*  Claassen's  Beet-sugar  Manufacture.    (Hall  and  Rolfe) 8vo,  3  00 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.   (Boltwood)..  .8vo,  3  00 

Cohn's  Indicators  and  TW-papezB. zamo,  a  00 

Tests  and  Reagents. 8to,  3  00 

*  Danntfl's  Electrochemistry.     (Merriam) zamo,  z  zs 

Duhem's  Thermodynamics  and  Chemistry.    (Burgess) 8to,  4  00 

Eakle's  Mineral  Tables  for  the  Determination  of  Minerals  by  their  Physical 

Properties 8vo,  z  25 

Eissler's  Modem  High  Ejqilosives. 8to,  4  00 

Effront's  Enrymes  and  their  Applications.     (Prescott) 8iro,  3  00 

Erdmann's  Introduction  to  Chemical  Preparations.    (Dunlap) zamo,  z  as 

*  Fischer's  Physiology  of  Aliznentation Large  zamo,  a  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

lamo,  mor.  i  50 

Fowler's  Sewage  Works  Analyses lamo,  2  00 

Fresenius's  Manual  of  Qualitative  Chemical  Analysis.     ( Wells ^ 8vo,  5  00 

Manual  of  Qualitative  Chemical  Anal>'sis.  Part  I.  Descriptive.  (Wells)  8vo,  3  00 

Quantitative  Chemical  Analysis.    (Cohn)    2  vols 8vo,  12  50 

When  Sold  Separately,  VoL  I,  86.     Vol.  II.  S8. 

Fuertes's  Water  and  Public  Health xzmo,  x  50 

Furman's  Manual  of  Practical  Assaying 8vo,  3  00 

*  Getman's  Exercises  in  Physical  Chemistry X2n]0,  2  co 

Gill's  Gas  and  Fuel  Analysis  for  Engineers. i2mo,  x  25 

*  Gooch  and  Browning's  Outlines  of  Qualitative  Chemical  Analysis. 

Large  i2mo,  i  25 

Grotenfelt's  Principles  of  Modem  Dairy  Practice.     (WoU^ i2in->,  2  00 

Groth's  Introduction  to  Chemical  Cr3rstallography  (Marshall) X2nio,  i  25 

Hammarsten's  Text-book  of  Ph3rsiological  Chemistry.     (Mandel) 8vo,  4  00 

Hanausek's  Microscopy  of  Technical  Products.      Winton ' 8vo.  5  00 

*  Haskins  and  Macleod's  Organic  Chemistry xamo.  2  00 

Helm's  Principles  of  Mathematical  Chemistry.     (Morgan > x2mo,  1  50 

Hering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  n*or.  2  50 

*  Herrick's  Denatured  or  Industrial  Alcohol 8vo,  4  00 

Hinds's  Inorganic  Chemistry 8vo,  3  00 

*  Laboratory  Manual  for  Students i2mo,  x  00 

*  HoUeman's    Laboratory   Manual    of    Organic    Chemistry  for   Beginners. 

(Walker ) i2mo,  x  00 

Text-book  of  Inorganic  Chemistry.     (Cooper > 8vo,  a  50 

Text-book  of  Organic  Chemistry.     (Walker  and  Mott^ 8vo,  a  50 

Holley  and  Ladd's  Analysis  of  Mixed  Paints,  Color  Pigments,  and  Varnishes. 

Large  lamo,  a  50 
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Eopfeiiu'fi  Oil-chemists'  Hniadbook. . .,..,.  ^ ,  ,,j  ^ ,......,., .  .SvOi 

IddingB^s  Rock  fifinenftlB.  ^ , *  *  *  .  .^to* 

Jjicksoii*S  DircciiodA  far  Laboralory  Work  iiCi  Pbysioloeiital  Chemistrir,  &?i>« 
Johann^n^s  Determiii«tloit  &t  Rock-!omtlG£  HiaemU  La  Ttila  Sections..  ^Svo, 
Jo!ui«QD*i  Chemical  Aiulysk  of  Sp«cbtl  Steeb.     (In  PrepAratiofi^) 

Keep's  Cast  Lron.  ♦,,,........ ,..,..»....  ^^  ..<#.,»,*. »  .8to, 

Lftdd'ft  MttfiuAJ  of  Quantitative  Cbemic»]  Analyaii, ..,..«  ^  *.,,«  +  ^ .. « .1  smot 
LAiulatser*if  Spectrum  Analysis,     t  Tingle}.,  .  .  . , ,..,..,,»,,..  3to^ 

•  Lmsigyf0Ttby  and  Atiiten^ft  Occtirfence  of  Aluminium  In  Tegetible  Ptrtd- 

iictSt  Animiil  jProducts,  and  Natural  Waters. .  .  .     Svo, 

Laissf-Cohn's  Application  of  Some  General  Reactions   to  InvestiiitiQaB  In 

Organic  Chemistry*     (Tingle).,  ,  - tamo* 

Leach's  iDSpectioQ  aod   AnaJysb  of  Food   witb   Special  Refercnci?  to  Stale 

Control ...... Svo» 

L<ub*i  Electron hemlatiT  of  Orsaolc  Compound!.     <  Lorenz)*^  *  ^^o* 

Lodge's  Notes  on  Assaying  and  MetslhirgicJil  LAboratory  E3:pefimeal$, ..  Svo^ 
Low's  TeebnicAl  Method  of  Ore  Auailysis*  -  ,.,,,,.  .Bvo, 
Lunge's  Tecbno-'Cbemk^il  Aoalymis-     (Cnhn  l/* tamo, 

•  McKay  and  Larseu's  Principles  and  Ptactice  of  Butter-makjjif  ...      .  .Svo, 

Maire  's  Modern  PiementB  Ahi  ikdr  VehiCkft. , , iimOt 

Mandeft  Handbook  for  Bio-chemical  Laboralorr ^    .  . .  ,    lamo* 

•  Martlii's  Labonttory  Guide  to  QtfaUutive  Analysts  with  the  Blowpifte  i  imo, 
HasoEi*^  Examlnatloii  of  Water.     (Chemicai]  and  Bacterioloi^icaL).  .  .    iimo, 

Water-supply.     (Considered  P^'incipnlly  from   a   Sanilary   Stun  dpi 

8vo, 
M ftttho Wi's  Textile  Fi1)fe»,     ad  Edition.  Rewdtteti  Svo, 

•  Meyer's  Detenninatioa  of  RadHclefl  In  Carboa  CompoMiOilii.  rXiaelev.  nmot 
Miller'a  Cyanide  Procesi,  _  . , ,.........,, . ,  _ .  _   ranaop 

ManuaJi  of  AEsaf  itig.» _,__.,.., , , , ,     , . ,  t2mo, 

Minet'fl  Production  of  Altimioum  and  its  Industrial  n«a»     (Waldo).  _     timo, 

Mister's  Elementary  Text-book  of  Chemlitry.  .,_..,... .lamo, 

Morgan's  Elements  of  Physital  Chemistry.  ,  , .  ^  lamo* 

Outline  of  the  Theory  of  Sohttlons  and  ita  Reititta.  .  .  t^mo, 

•  Physical  Chemistry  for  Electrical  Eneineeri* iimo, 

Bforse*9  CakulatiouE  used  in  Cane-sugai  Factories.. i6mo,  mor> 

•  Mutr'«  History  of  Chemical  Theories  and  LawTi .  .  8vo» 
Mulliken's  General  Method  for  the  Identification  of  Pure  Orgaiiic  ComjHJunds* 

VoU  I H  ,  , . .   Lar^e  Svo^ 

0'Dfiset»U*8  Notes  on  the  Treatment  of  Gold  Ores-  .  ^ .....,,.  Bvo, 

Ottwa)d*ls  Conversations  on  Chemistry.     Part  One.    (Ratntey). ..,,,,.  tamo^ 
"*  **  "  Port  Two.     (TumbuUj. lamo, 

•  Palmer's  Practical  Test  Book  of  Chemistry , , . .    .  „  . . .  lamo, 

•  PauL'ft  PhysLcal  Chemistry  in  the  Service  of  Medicine.  ^  FisehcT  *  i  amo» 
"Beojldkl'i  Notes  on  Determinative  BitiDeratogy  And  Record  of  Mineral  Testm. 

Svo«  pfl|>er, 
Tables  of  Mineral}*  Including  Ch«  Dae   of  Mlnermk  and  Statlsdca  of 

Domestic  Production. ....-..»,.,.,,.,.,..,._,  8vo, 

Pktet*B  Alkaloids  and  their  Chemical  CoDttitution*     (Biddle: ,  .Svo, 

Poole's  Calorihc  Power  of  Fuels.  ,,....,_._.. .  .    ......  .8to, 

Frescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refei:- 
ence  to  Sanitary  Water  Analysis. ,  *^ , , . . tirno* 

•  Reisle's  Guide  to  Piece-dyeing.  * , .     ...  gyo,  25  00 

Ric  hn  rds  and  Woodman**  Air,  Water,  and  Food  from  a  Sanitary  Standpomt.Svo*  2  00 
Hirlietts  and  Miller's  llotei  on  Assarine.  -.....,..,...,..,,,,,_  8yo,  3  00 
Rid  ears  Disinfection  and  the  Preservation  of  Food.. . ,  ,  . ,.  ,8to,    4  00 

Sewage  and  the  Bacterial  Purification  of  Sewage* .  . , .Svo.    4  00 

Rjggs's  Elementary  Manual  for  the  Chemical  Liboratorf ,  ,,. , ,,  .8vo,    i  25 

Rohine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc).  .*,♦...,, .8vo,    4  00 

Ruddiman^fi  Incompattbilities  in  Prescriptions.  ...,,..,,.,. «...  .Svo,    a  00 

Whfi  in  Pharmacy , .......*..     12100,    i  00 
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Racr**  Elemtols  of  MctaOocnvky.    ^Xalbc«wo>     1m  riifiliiB' 

8Abui*k  IndiHtrial  mad  Artisbc  TcdhDokcy  of  Psials  aatf  Vam-rfi Baaw  j  « 

8A]ko«iki*ii  PbTBolociotl  sai  Pa^bofar^cal  ClirmiHif,     (OiaiiaJ' Siv.  j  ^ 

SchimpTg  Ff  nfiih  of  Yokuattuk.  Aaslfss. zzaa  x  4 

•  QoafitatiireChcaucal  AaftlyM. Bm,  r  J5 

Text-book  of  Y^^'i'™*^*"' ^^'■'''■^ EKBB  751 

Smith's  Lecture  Votes  on  OMiiirij  for  Dental  Stodcnts. •■■.  s  ji 

Spencer*!  Hendbook  for  Caae  Sacar  Maaafactsreriw .  i^sHi,  smk  j  •• 

Handbook  for  Chcmicis  of  Beet-ncv  Hooaes xtmm^^mL.  j  ee 

Stockbridce*8  Rocks  ani  Soik. Bern  2  9 

m  Tinman's  DeacripCiTe  General  rbiaiiatij. Bam  j  as 

•  Elementary  Leaaoos  in  Beat Baa^  151 

T^eadwelTi  QnaKtatiTc  Analyss.     'BmU)^ aini^  j  aa 

QuantitatiTc  Analyss.     '  HaB'*^ Bini^  4  aa 

Tomeaure  and  RnaeelTg  Pvbic  Water  wippiiai Bini^  s  * 

Van  DeTenter*s  Physical  ChemiatTy  for  BftiiiiM  n.     ^Bobvood) i^aai.  x^ 

Venable'i  Methods  and  Devices  for  Bacterial  Treatment  of  Sevace Bea,  3  aa 

Ward  and  Whipple's  Freshvatcr  Biolocy.     ^In  Preai.) 

Ware's Boet-cogarMannfacttfc and Raftaiag.    VoL  I StaMflBini»  4  aa 

VoLII SmmlUvo,  5« 

Washington's  Mamial  of  the  Chrmiral  Analysis  of  Rocks. Bvo,  2  m 

♦  Wearer's  Military  EzpkKiTca. Bvo,  j  at 

Wells's  Laboratory  Gtiidc  in  QoafitatiTc  Chemical  Analysis.   Bvo,  z  30 

Short  Course  in  Inorganic  QualitatiTc  Chemical  Analysis  for  ^"g'"Tr'''it 

Students. Z2mo.  1  s» 

Text-book  of  Chemical  Arithmetic zsido,  1  3S 

Whipple's  Microscopy  of  Drinking-water Bvo,  3  5» 

Wilson's  Chlorination  Process. ximo.  i  5» 

Cyanide  Processes xxmo,  x  50 

Winton's  Microscopy  of  Vegeuble  Foods Bvo,  7  5^ 

CIVIL  ENGINEERING. 

Bill LHJES  AND    KrX>FH      HVDItArMCS.     M  XTEUIAI^   OF    EXGISEER- 
IN^i.      ItAlLWA^     KN(;iM:r..lING. 

Baker's  Enifineers*  Surveyinjf  Instruments i3mo.  3  00 

Bixby's  Graphical  Computing  'fable Paper  igf  •  2\\  inches.  25 

Breed  and  H'/tmer**  Principles  and  Practice  of  Sur.eying.      ->  Volume?. 

Vol.  I.     Klcmentary  Surveying ,     8vo  3  00 

Vol.  II.     HiKh^r  Surveying. 8vo,  2  50 

♦  BurrS  Aru.irnt /I'.'l  MoMf-rn  Kntjinj-crinK  and  the  lithmiar.  Canal    .  .     .      8vo,  3  50 
Coinsto*  k'h  field  A-^trf*i)f*fny  for  Kn(?;ineers.  ...                        8vo,  2  50 

♦  Corth*-!!'"  AllowHhl*-  l*Tt^%\ire%  on  Deep  Foundations i2mo,  i   25 

(,ramlair-.  Ii-Jtt  hook  on  (»#o'|p',y  and  Least  Squares          8vo,  3  oc 

Oavih'h  l-.li-v.itiori  Mii'l  StadiH  Tables 8vo,  I   00 

Klhoti'-.  I'.ii;/irii-i-rin»'  for  Land  Drainage i2mo,  i    50 

l'ra«  tie  al  lariti  I)ramat{f.  l2mo,      i    00 

♦Fi«h«tjfr't>  Irrati-a;  on  (iivil  Engineering 8vo, 

Hi-iimt'h  Phototopographir   Method-?  and  Instruments. 8vo, 

Folwi-M's  Si-wi-raKr.      '  Di-s-gning  and  Maintenance 8vo, 

Frntan's  Ar(  hiti-ctural  Kngineering 8vo, 

French  and  Ivcs'h  Stercotoniy  8vo, 

Goodhue's  Municipal  Impr«)vements i2mo, 

Gore's  Elements  of  (Jeodcsy. 8vo, 

*  Hauch's  and  Rice's  Tables  of  Quantities  for  Prelin^inary  Estimates  .    12010, 

Havford's  Text-book  of  C.oodrtir  Astronomy 8vo, 

Hering's  Ready  Reference  Tables.     ^Conversion  Factors^ i6mo,  mor. 

Howe's  Retaining  Walls  for  Earth 12310, 
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50 
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»  Ivef*f  Ad justmeots  of  the  Engineer's  Trcflilt  ind  L«vel, itmo^  B4t. 

Iv«t  Aiid  Hilts^s  ProbLems  in  Surveyiiig  .  .  .    .  ,  ,    ^ , ,  .  .  .  .    .    ]6mo«  m(»r» 

Johftson's  (J.  BJ  Theory  aud  Prs^Uce  of  Stirrefinc.  * ,  ,    -  .  Smiill  Svo, 

*Jcib£ii«n'»  iL.  J  J  Stiitift  bj  Alei^brmic  and  Gr«phic  Mcitbods.  8vog 

Kinnit^utij  WU&slow  and  Pr4U*ft  FurlticAtion  otSewitgt.     i  In  Freparatt0a/) 
LapLice'i»    PhikiaopbieAl   EisAy    on    ProbibiUltfes.        Truscatt    and   Emorj) 

lCi.hftn*i  I>efcriptiT«  GeometTTp »,«....    ,  ^i  .« ^ «,.....,« ^ ,  Svo^ 

Treattie  on  Civil  EoEineefinf*     (  j873*>     CWood) - ,  , 8vo, 

M^rri man's  Elemtota  gf  PreciBe  Surveying  and  Ge<H!««7^  *  , ,  ,...*.. 8?©, 

MerriiiLan  and  Brooks's  Handbook  toi  StiTVeTora.  . .  * ,,.... .  j6mi^»  tnoT* 

Nueent'9  PLane  Surrertng ^  ^ .  ^ , ^ .«,,«._  ,   Svo, 

Ogden'i  S*wer  Cotjstmction.     (In  Preis.} 

S«weT  Desisn  ... ^ » ^ . « ^ . . . .  ^^  .  ^ , , . .  i  ^mo, 

Partons's  DispoaaJ  of  Munictpal  Helulc  ..>«*. ,,.,.. Svo, 

Pittou'ft  Treatise  on  Civil  Encineering,  .-,...,..,.,,*....  .Sro,  half  leatheTi 

fietd*9  TopogTaphical  Drawmg  and  SketdhlilBf  ..,.*.__.,_.,. . .  4to* 

iLjdaal'i  Sewage  and  the  Bacterial  Piirillcaflon  of  Sewage. _  Sto, 

*l  Slmft-aliLkliie  under  DifflcuJt  Condi  dans.     tOonumg  &ad  Peck)      Svo« 

tbtit  and  Biggin'E  Modern  Stone-eutting  and  Masonry. Bvo^ 

Smith*s  ManufLl  of  Topographiciil  Dmwing.     (IfcHilJanj,  .^  ..„...,. .  ,  ,  .8vo« 

Soper't  Air  ind  Ve&tllatJon  of  Subwayi . . . , Large  i  imo, 

■TiaCf'*  plane  Sarveying.    , ,  -  - , , ,..  ^ .«.«.. -.  * .   i6mo«  mm* 

*  Tf nuiwine^fi  Civil  Engineer's  Pocket^tK«k< . i6mo.  mot, 

Veaable^B  Garbage  Crematories  lq  Ameriea. ......       Svo, 

Methods  and  Devices  for  Eacterial  Treatment  of  Sewage... 8vo, 

Walt's  Engineering  and  Architectural  JtirLsprudence.  *  ♦  * ♦ . . . .     8vo» 

Sheep, 

L«w  of  Contracts. , , .  .-*-,,,,..**.,...,,, .,-..* .         &vo# 

Law  of  Operatloni  Pteliminaiy  lo  Cooftruction  ia  Engineering  and  Archi- 
tecture* **-,.,, .,.......,._ , , $va^ 

Shecpf 
Warre^*!  Stereoto my— Problems  in  Slone-cuttlng.  .*,,...»,....,,,.,..  BvOt 

•  Waterbury*!  Ve5t-P<>ckel  Hand-book  of   MathemmClea  for  Engineer*. 

aiv^i  inches*  mor, 

'ibb*s  Probtemc  in  the  Us«  and  Adjustment  ol  Engineering  Instruments. 

1 6ino,  mor. 
Wilson'i  fH.  ff.>  Top^ographie  Surveying  ...  g^o. 

Wilson's  IW,  L,)  BlemeniA  of  Eailroad  T^ck  atjd  Coastnictioo.     <ta  Pma.> 
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BRIDGES  AND  ROOFS. 

BoU«r*a  Practieal  Treatise  on  the  ConitrucUon  of  Iron  Highway  Bridges     8yo.    :a  i 

Burr  and  talk's  Design  and  Cotislruction  of  Metallic  Bridges Bto*    5 

Influence  Lines  for  Bridge  and  Roof  Conjputationi., .....,./         Bto*   j  ^ 
Du  BoiB's  Mechanics  of  Engineering.     VoL  EL. .._....,.  _    .  Ejuall  4to]  10 

% 
3 


Foster's  Treatise  on  Wooden  Trestle  Bridges. ......,, ,.,....,,         ato 

Fowler's  Ordinary  Foundationi  *,.♦,,..,.»,*,,,,  ^  ,,,,,''*    '  g     * 

French  and  Ives*s  Stereoiomy . *..-.,..,,,. 1 !  * ! !  ♦  i ' ! ! !  * !       «*o* 

Greece's  Arche*  jn  Wood*  Iron,  mad  Stout. , , ,  ♦**...♦*,*         , 

Bridge  Trusses. -'^^'^llllllllZllllllllll^i.Bwol 

Roof  TrusHS.  .*.... *..*.►..,,,..,,,,,.  ft«rt 

*8  Secondary  Strease* fo  Bridge Tniisea, . . .  * . . .' *. **, '. !  *  * ,\  S»o' 

»  Stresses  Lo  Structures  and  the  Accompanying  Wforaiafions  Svo,* 

Howe's  Dtsien  of  Simple  Roof- trusses  in  Wood  aod  Steel  Bto 

Symmetrica]  Masonry  Arches, g^.' 

Treatise  on  Af  cbes. ,»..,.,.. .,.,.,  fiyo' 

,  Bryan,  and  Tumeaure's  Theofy  and  P»Mtict  In  the  I5eai^ing  of 

Ifodefii  Framed  Stnictwres.. SmtU  4to.  10 
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lltfTunmii  and  Jacoby*!  Text-book  on  Roofi  and  Bridges: 

Part  I.     Streiiet  in  Simple  TnuMS. Svo.  a  so 

Part  n.    Graphic  Statici. 8vo,  j  so 

Part  m.  Bridge  Design 8to,  a  so 

Part  IV.  Higher  Structures 8vo.  a  90 

Moriaon*s  Memphis  Bridge Oblong  4to,  10  00 

Sondericker's  Oxmphic  Statics,  with  Applications  to  Trusses.  Beams,  and  Arches. 

8vo,  a  00 

WaddelTs  De  Pontibus,  Pocket-book  for  Bridge  Engineers. .....  xfimo.  mor*  a  00 

*         Specifications  for  Steel  Bridges. xamo,  so 

WaddeU  and  Harrington's  Bridge  Engineering.    (In  Preparation.) 

Wright's  Designing  ofDimw-spans.    Two  parts  in  one  Tohuno. .8ffOt  3  SO 


HYDRAULICS. 

Barnes's  Ice  Formation. Sro,  3  00 

Basin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orifice.    (Trautwine) 8vo,  a  00 

Bogey's  Treatise  on  HTdraulics. 8vo,  5  00 

Church's  Diagrams  of  Mean  Vek>cit7  of  Water  in  Open  Channels. 

Obkmg  4to,  paper,  i  so 

Hydraulic  Motors. 8to,  a  00 

Mechanics  of  Engineering. 8vo,  6  00 

Coffin's  Graphical  Sohition  of  Hydraulic  Problems. z6mo,  mor.  a  so 

Flather's  Dynamometers,  and  the  Measurement  of  Power. zamo,  3  00 

Fohrell's  Water-supply  Engineering. 8vo,  4  00 

FrizelTs  Water-power. Sro,  s  00 

Fuertes's  Water  and  Public  Health. lamo,  z  so 

Water-filtration  Works. zamo,  a  50 

Oanguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  In 

Rivers  and  Other  Channels.    CHering  and  Trautwine  .> Svo*  4  00 

Hazen's  Clean  Water  and  How  to  Get  It Lar^e  lamo,  t  50 

Filtration  of  Public  Watcr-suppl.cs   8vo,  3  »o 

Hazlehurst's  Towers  and  Tanks  for  Water- works 8vo,  a  50 

Herschel's  115  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits 8vo,  2  00 

Hoyt  and  Grover's  River  Discharge 8vo,  2  00 

Hubbard  and  Kiersted's  Water-works  Management  and  Maintenance 8vo.  4  co 

*  Lyndon's  Development  and  Electrical  Distribution  of  Wa'er  Power. .     8vo,  3  00 
Mason's  Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

8vo.  4  00 

Merriman's  Treatise  on  Hydraulics 8vo,  5  00 

*  Michie's  Elements  of  Analytical  Mechanics 8vo»  4  00 

♦  MoHtor's  Hydraulics  of  Rivers.  Wefts  nn'f  Pin  ices Rvo,  a  00 

Schuyler's  Reservoirs  for  Irrigation,   Water-power,  and  Domestx  Water- 
supply Large  8vo,  5  00 

♦  Thomas  and  Watt's  Improvement  of  Rivers  4to,  6  00 

Tumeaure  and  Russell's  Public  Water-suppl'es 8vo,  5  00 

Wegmann's  Design  and  Construction  of  Dams.     5th  Ed.,  enhrged   .  .  .     4I0,  6  00 

Water-supply  of  the  City  of  New  York  from  1658  to  1805 4to,  10  00 

Whipple's  Value  of  Pure  Water Large  lanio,  i  00 

Williams  and  Hazen's  Hydraulic  Tables 8vo,  z  so 

Wilson's  Irrigation  Engineering Small  8vo,  4  00 

Wolff's  Windmill  as  a  Prime  Mover 8vo,  3  00 

Wood's  Elements  of  Analytical  Mechanics 8vo,  3  00 

Turbines 8vo,  a  50 

8 


MATERIALS  OF  ENGINE ERIE?G. 


I  IL^adi  and  Pav^meEits.  «  , ..*..,,.,    .,»,.,,, , ,  .Svu, 

Irftatlsc  on  Ma&onrjr  ConstnictioiL  .,*•,.,.«., ^ . , 8vo# 

ArchUeciural  Iron  aod  StetL .  . . .....»,.*...,,,..  .3vo, 

Ctim  pound  Riveted  Girders  a$.  Applied  in  Build  infi. ,..,.......,  Svo, 

^k'B  United  Sutes  Public  Works  ..,,...., _  .Oblaiij  4113, 

[ilne^f'i  MaiiufACture  of  HydrAulfc  Cemeitt,     (In  Prep^ntion  J 
jC^vef  *s  Strength  of  Materials  mnd  Theory  <af  Sttiictures.  *,*,.,,,,..   8vo* 

^*£  £litsticit]r  and  ResiBtance  of  tbe  Materials  of  Engiaeerinff. Svo» 

s'ft  Hlghwuir  Construction.  , .        *  ,        . .  ,    .  .       8to, 

InipccliQa  of  tb«  Material!  and  WorknLansyp  £m|>tD]fe4  itt  Coitstruction. 


5  CKk 


5  5« 


BrEh's  Mechanics  of  Engineering.  ♦,,.-!.»** .»..•...,.*--*,   8vo, 

a  Boi&^s  MecbiLuics  of  En^neerini^^ 

VoL   t.  KiDcmatics,  SiatJt«,  Kinetics,.        .,,  ^  .*►.»,.... .  Small  4to, 
^m      VoL  U.  Tbfi  Streiies  m  Framed  Structures,  Stretiftli  of  Mater  it  1b  tind 

H^        Theory  of  Figures, Xmall  4to,  i 

^Bfcfs  C«m«ntd,  Umest  and  Plasters.. .  , ,  .  , , . Svo. 

^V      Stocie  And  Clay  Products  used  in  EneineeringH,     {In  Ptepatjitlon.) 

^^l#r*s  OfitinarF  Foundations.  ,.*..,.......*... ,..,*..» Syo, 

Graves *a  Forest  Mensuration.  ,.,...,***  ^  ,.,**..,,.,....,....,».,._, .  Bvo, 
Green '^  Principle^  of  Kmtiic&ii  Fofestry  .,<,...,... .,....,.,,  t^niOi 

*  Greene's  Structural  MecbanlcB. . * . . , .    ...,....,__   Svo^ 

MQl]y  and  LAdd's  Analysis  nl  Mijced  Paints,  Color  Bgmenta  and  Varnislies 

L^rge  i^mo, 
Johnson's  (C,  H.)  Chemical  Aoalysii  of  €pecial  Steels,     do  Preparauonj 

Jo&naon'i  (J.  B.)  Materials  of  Construe tion  «•.*.,....,. »  Laiie  8vo, 

Keep's  Cast  Irnn,  . .  ^ .  ,  , .*,.,,.,.,..,....  ^ ._. .    g^o, 

Kidder's  Architects  and  Builders*  Pock«t-book..  ...*,. ,^ . . .  .     i6mo. 

Lama's  Applied  Mechanics ►.,*.*....,♦.♦,, Svo, 

Matre's  Modern  PiRments  and  tbeir  Vehicles     .    ,  .,.      .,  la  mo, 

Martens's  Handbook  on  Testing  Materials.     (Henniiieji     a  toIi.  *  Svo, 

Kaurer's  Technical  Meclianics. ^  -..*.,.,...,,,..,,.,  .  &vo, 

Merrill's  Stones  for  Building  and  l>ecoratioi3u .  .*_,.*♦♦ ».».,,.,*  Svo, 

Merrlman's  Mechanics  of  MAterials, .....,..,..,, ,.,♦#*..,.,. Svo, 

*  Strength  of  Materials  ...,,.. ,,.,-,...,..»...,,....  lamo, 

Metcalf's  SteeL     A  Manual  for  Steel-tisers. . ,  .,.,.,.,,„.,..,...,..  1  jmo, 

Mortison'i  UlghWBf  BnKtnMring .**...,.♦...*,*,.* Svo, 

Patto»*5  Practical  Treatise  on  Foundation**  .,,.♦,..,.,....,,,.......,  8vo, 

Rke**  Concrete  Block  Manufacture   . *....,.*•,. *.....  Svo, 

Ricbard£on*$  Modern  Asphalt  Pavement*  ....**.....,...,.*....,,...  8vo » 
Richey's  Handbook  for  Superintendents  of  Construction. ....  lOmo,  cior. 

*  Ries's  Clarst  Their  OcciiTTen<;e,  Prop^rttes,  and  Uses. .  Svo, 

Siblo's  iDdostHal  and  Artistic  Ttchnoloffy  of  Paints  ari  VamialL.. ...  Svo» 

•5c!iwttfx's  Lon^lfraf  Pine  In  Virjrin  Forest .. .,  t^mft, 

Snow'fi  Princip*!  Sp«ie*  of  Wood -  -  -  B^t 

Spaldin^s  HydraaUc  Cement . ...... -  -    -  ,  .urao. 

Teit-book  on  Roads  and  PaTementi.    . . . , ............-.,.>.  tamo, 

Taylor  «nd  Thompson's  Trefltlse  on  Conrrete.  Plain  and  Keinforced ivo, 

ThurTiton's  Materials  of  EnElne<?rinir.     In  TfiH^e  Psirt^.  Svo, 

Par*  t     Ifon-metaUic  Mutedals  of  Bnrioeerinir  and  Metallurgy  Svo, 

Part  TI-     Iron  and  Steel Svo, 

Part  in^    A  Treatisft  on  Brasses,  Bronzes,  and  Other  Alloyi  A£id  their 

Constitnems. ...... ,..,...,,,.,..,..   tvo, 

TTlscn'B  Street  Pavements  and  Paving  Materials .......  Svo, 

1^ni«it«T*  And  MaurerVs  PTfndpIea  of  Reinforced  Coneftte  ConstractJcn  ftvo, 
WtltrhutT's  Man\$at  of  loftrucHonsfor  the  Ub«  of  Students  in  Cement  Labora* 
~  iOTT  Prtctlce.     tie  Ptesi,) 
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3  50 


6  00 

2    SO 


Wooi^  (De  V.)  XhMtiat  «tt  ftm  Rartit»nc»  of  lUterlali,  ta^  an  Awtndix  on 

tha  PruTVttioo  of  Timber. 8vo,  -  a  oo 

Wood'f  (IL  P.)  RattlMi  Oottiiigi:  Cocnrion  And  Btoctralyiis  of  Iraa  and 

SteeL AfOt   400 

RAILWAY  SKomsERnro. 


Andrswiffl  Handbook  for  Stntt  Rnflwnr  Itnglweoni 3x5  ittelMm  noc  t  as 

Bmi*!  BuUdincB  and  Stmctana  of  Amwican  Rallraads 4ia»  s  00 

Brooka'fl  Handbook  of  Stnat  RaUioad  Locatioa, t6nio,aor,  z  50 

Batfi Civil Bnginaer*! Flald-book. z<&mi>,flior.  a  90 

CrandalTfl  Railway  and  OtiMBTBarthvoflcTiblM.. avo.  i  90 

Traniltlon Curra. t6iao» fldor*  z  9a 

*Craekett'a  IMlioda  lor  Baitkwoik  Conpa^ttaa .fivo,  i  ^ 

pawion*!  "Rnglnaaring"  and  Blaetric  T^caction  Pockat-book . .  16030.  R">r^  5  «> 

Drodge*!  HitUny  of  the  Pannsyhania  Railroad:  (1879)  -     ■  ^ P^^u  5  00' 

Fliher'a  Table  of  Coble  Tarda CArdbosrd*  35 

Godwin*!  Railroad  BngJneeia*  Vlald-boc^  and  XxplorarB'  Gulden , , .  i6mo,  mqr.  2  ^o 
Badion*8  Tables  for  Cakolaling  the  Cable  Conftaita  of  ExcmTatiooi  and  Em* 

bankmanta. , Sto,  1  @o 

Ifoe  and  Hula's  Problems  In  flurfaylng.  Railroad  Survtyiufi  ajad  Geodesy 

i6mci,  mot*  i  50 

Xolitor  and  Beard's  Manual  for  Rasldant  Bnglnian. i6mo,  i  00 

Racle's  Field  Mannal  for  Railroad  Bagineers.  • i6ma,  mor.  j  00 

PhUbrick's  Field  Mannal  for  Bnglneofa. i6m£i,  mor.  3  00 

Raymond's  Railroad  Englnaerlng.    3  Totamas. 

VoL     L  Railroad  FlaU  Oeoraatry.    (In  Preparation.) 

VoL   n.  Elements  of  Railroad  Enginaaffnc 8vo,  3  50 

VoL  nL  Railroad  Bnglnaar'i  Field  Book.    (In  Preparation.) 

Searles'i  Field  Bnglneering; z6nio,  mor.  3  00 

Railroad  ^IraL zdmo,  mor.  t  so 

Taylor's  Prismoidal  Fommbi  and  Barfbwork. dvo,  z  90 

•Trantwine's  Flekl  Practice  of  Laying  Out  Circnlar  Curres  for  Railroads. 

zamo.  mor.  a  50 
a      Method  of  Cakulatinc  the  Cubic  Contents  of  Excsvations  and  Embank- 
ments by  the  Aid  of  Diagrams 8vo,  2  00 

Webb's  Economics  of  Railroad  Construction Large  xamo,  2  50 

Raihoad  Construction x6mo,  mor.  5  00 

WeUington's  Economic  Theory  of  the  Location  of  Railways. Small  8vo,  5  00 

DRAWING. 

Barr's  Ellnematics  of  Machinery 8vo,  2  50 

*  Bartiett's  Mechanical  Drawing 8vo,  3  00 

•  "                   u             u            Abridged  Ed. 8vo,  150 

Coolidge's  Manual  of  Drawing Svo.  2>aper,  i  00 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  Engi- 
neers.  Oblong  4to,  a  50 

Durley's  Kinematics  of  Machines 8ro,  4  00 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications. 8vo,  2  50 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective Svo,  a  00 

Jamison's  Advanced  Mechanicai  Drawing 8vo,  a  00 

Elements  of  Mechanical  Drawing 8vo,  a  50 

Jones's  Machine  Design: 

Part  I.    Kinematics  of  Machinery. Svo,  i  50 

Part  n.   Form,  Strength,  and  Proportions  of  Parts. 8vo,  3  00 

MacCord's  Elements  of  Descriptive  Geometry. Svo,  3  oc 

Kinematics;  or.  Practical  Mechanism. Svo,  5  00 

Mechanical  Drawing 4to,  4  00 

Velocity  Diagrams. Svo,  z  50 
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lIcLeod't  Descriptive  Geomistn^.. . , ...,,...,....,..., ,,,  Latge  iattio« 

*  MaiiAn't  Descriptive  Geometry  and  Stanft-cutti a|f. .  ^  ...»>..>.  ^  .^  ,>  h  ^ .  SirOi 

Industrial  Brawio^*     (Tli4>3ipsoi]>.  ,,** ,.,...,  .,^, ..«,,,,.  ,8vO| 

Mover's  Deicfiptive  Geometry. ........,_.,.. ..*.....,. 8va, 

Reed's  Topographical  Drawine  luid  Sketchlns. . .  ....... .......... .4IO1 

Reid^i  Course  In  MethaQical  Drawing.  ...,...,,,,,,.,....,,,,,..,,.  ,8vo, 

Text- book  of  McchamcAl  Drawmg  and  EtesientAry  Machine  DeeifQ.SvOi 
RobiDfi^n't  Principles  of  HecbAoism. .  .  ^ .  ^  ......«,..,.,.  ^ ,,_.  ^  ^ ., .  .8to, 

Schvajnb  and  Meirtir^  Elements  of  HeEilianisni.  . .  ...... .8to, 

Sfiiitli*E  (R.  S.)  MfUiual  of  Topographical  DmwIoE^     ( BfcMiUan). ......  Jvo* 

Smith  £A.  W.)  *ad  Mjtr**5  Macliine  Besign* ,..........,...,....,.,  .8¥0^ 

*  Titswort]j*fi  Elements  of  Mechanical  Dtttwirag .Obbnf  Byo« 

Wirren*!  Drafting  tn^truments  and  Operationl.  ..,,«,*«!  ,.,....->.  ,1  jmo, 

Elements  of  Descriptive  Geometry,  Sbadow^,  and  Pefsp««tive.  ..... .8vi>, 

Etements  of  MAchine  Confitmctlon  and  Drawing.  .............  k  . .  .Bvo* 

Elements  of  Ftane  and  Solid  Free-hand  Geometrical  Drawing.  ,  . .  .iimOf 

General  Pfobleroa  of  Shades  and  Shadows ,  , ,  .Svo^ 

Manual  of  Elementajy  Problems  in  the  Liaear  Perspective  of  Form  and 

SliAdow. ...,....-,,........  4 ...... .  t  imo, 

Manual  of  Elementary  projection  Drawing. ................... .  i  jmo^ 

Plane  Problems  in  Elementary  Geometry.  ..............<..... .  lamo. 

Problems,  Theorems »  and  Eiamplcs  in  Descriptive  Geometry.  ....     Hvo, 

Wejshach*s  Kijiematics  an<t  Power  of  Tranaminioa*  (Hermann  and 
KleinV 8vo, 

Wilson's  I H.  M.J  Topographic  Surveying. .Svoi 

Wilson's  (V.  T.  ►  Free-hand  Lettering.  ,  . , , . . , , Svo* 

Free-hand  Perspective ., .......,,,. . .....  8^0^ 

Woolf's  Elementary  Course  in  Deacriptlve  G«omfltry. , ......  .Large  8vo, 

ELECTRICITY  AITD  PHYSICS, 

•  Abegg's  Theory  of  Etectrolytic  Dis&octatjoo,     t  von  Ende  u lamo. 

Andri^w:^^  Hand- Book  for  Street  Railway  Ensineeringf  ...  3X5  inches,  mor, 
Anthony  and  Brackett's  Text-book  of  Physics.  1  Magle  k  .  .  Large  limOj 
Anthony's  X.ectu re-notes  on  the  Theory  of  Electrical  Mea^ureinenu  . . .  iamo» 
Benjamin's  Historr  of  Electricity. ...*....,.,,  8vo, 

Voltaic  Cell , Svo, 

Betti  Vs  Lead  Refining  and  Electiqlyili .............................  JvOi 

dauen'a  Quantitative  Chemical  Analysli  hj  BlectrDlyaii.     (Boltwowll. . Bvo, 

•  Collinses  Manual  of  Wireless  Telegraphy,. .......................  .iimo, 

Mor. 

Crehore  and  Sqtiier's  Polarizing  Photo-chfonograph. .,«..... .8vo, 

^*  DatLoeel's  Electrochemistry.    iMerriam  K ........... tamOi 

awaon*s  ^^Engineering*'  and  Electric  Traction  Pocket-book ....  i6mo»  mor, 
c»kxalek*i  Theory  of  the  Lead  Accumulator  (Storage  fiatlery),     (von  Ende) 

i^mo, 
em's  Thermodynamics  and  Chemistry.     { Burgess K  .....*,,..».... .  Svo, 

'"Plather's  DynamometersT  and  the  Measurement  of  Power. . « i2mo, 

Gilbert'*  De  Magnate      tMottelar} 8vO, 

*  Hanchett's  Alternating  Currents.  . , ..... ...........  .tamo* 

Herirtg's  Ready  Reference  Tables  iConverBion  Factors "s ..... . i6mo,  mor. 

*  Gobart  and  ElUs'i  High-speed  Dynamo  Electric  Machinery .SvOi, 

HolmEin'i  Precision  of  Measurements.  ,...., ...........  ,SvOi 

Telescopic  Mirror-scale  Methodi  Adjuitmenff,  and  Testi, . .  .Laigv  8to, 

•  KaratietoEf *a  Exp^rtm&iital   Electrical  Engineering * . 8to, 

Kioibrunner's  Testing  of  Cootinuoua-current  Machines.  ...  ...........  Sto, 

Jlandfltier's  Spectrum  Analysis.     (Tingle).  , . ...    ............  .8vo+ 

t  Chateiier'i  HiKh-terapetature  Mea*uremeot»,  (Boudouard — Burie«)..i*mo, 
ri^b'i  Electrocbemistry  of  Organic  Compound*.     tLoren?). ............  ,8vo, 

•  LfiKloti'a  Devebpment  and  Electrical  Distribotioii  Of  Wattf  row«r . . .  .8y«, 
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*  Lyooi^  l^raatiM  on  Blectromafnetle  PhraomnuL  Vok.  I.  and  IL  8vo,  •neh,    6  oo 

*  Michie'i  Blemeiiti  of  Wmy  Motion  Rotating  to  Sound  and  Light Svo.    4  00 

Morgan's  Outiine  of  tiie  Theory  of  Sohition  and  its  Ratolti zaxno,    x  00 

*  Physical  Chemistry  for  Electrical  Engineers xamo.    z  50 

mantlet's  Elementary  Treatise  on  Electric  Batteries.    (Fishbaek) lanMt    a  50 

*  Honis's  Intxodoctioii  to  ttao  Study  of  Blectrleal  BagiiieeriBg Svo.    a  so 

*Parshall and  Hobarfs Electric  Machine  Design. 4to,hatfmor.  za  50 

Reagan's  Locomotives:  Slmple«  Compound,  and  Electric     New  Edition. 

Large  zamo,  3  50 

*  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kinzbrunner). ..  .8vo,    a  co 

Ryan,  Norris,  and  Hozie's  Electrical  Machinery.    VoL  1 8vo, 

S;happer*s  Laboratory  Guide  for  Students  in  Physical  Chemistry zamo, 

*  Tillman's  Elementary  Lessons  in  Heat Svo, 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics. Lazga  zamo. 

Ulke's  Modem  Electrolytic  Copper  Refining. 9iwo, 

LAW^ 

*  Davis's  Elements  of  Law. Svo, 

*  Treatise  on  the  Military  Law  of  United  States. Svo, 

*  Sheep. 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial Large  zamo, 

Manual  for  Courts-martiaL ztaio,  mor. 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo, 


Law  of  Contracts. Svo. 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  Svo. 


MATHEMATICS. 

Baker's  Elliptic  Functions 8vo, 

Briggs's  Elements  of  Plane  Analytic  Geometry.    (Bdcher) zamo, 

*  Buchanan's  Plane  and  Spherical  Trigonometry 8vo, 

Byerley's  Harmonic  Functions 8vo, 

Chandler's  Elements  of  the  Infinitesimal  Calculus lamo, 

Compton's  Manual  of  Logarithmic  Computations 12330, 

*  Dickson's  College  Algebra   Large  i2mo» 

*  Introduction  to  the  Theory  of  Algebraic  Equations Large  xamo, 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications 8vo, 

Fiske*s  Functions  of  a  Complex  Variable 8vo, 

Halsted's  Elementary  Synthetic  Geometry 8vo, 

Elements  of  Geometry 8 vo, 

*  Rational  Geometry xamo, 

Hyde's  Grassmann's  Space  Analysis 8vo, 

*  Jonnson's  {J    B.)  Tliree-place  Logaritlimic  Tables:  Vest-pocket  size,  paper, 

100  copies, 

*  Mounted  on  heavy  cardboard,  8X10  inches, 

10  copies, 
Johnson's  (W.  W.)  Abridged  Editions  of  Differential  and  I-^te^ral  Calculus 

Large  lamo,  x  vol. 

Curve  Tracing  in  Cartesian  Co-ordinates xamo. 

Differential  Equations 8vo. 

Elementary  Treatise  on  Differential  Calculus Large  xamo. 

Elementary  Treatise  on  the  Integral  Calculus Large  zamo, 

*  Theoretical  Mechanics xamo. 

Theory  of  Errors  and  the  Method  of  Least  Squares zamo. 

Treatise  on  Differential  Calculus Large  xamo. 

Treatise  on  the  Integral  Calculus I^arge  zamo. 

Treatise  on  Ordinary  and  Partial  Differential  Equations. .  Large  zamo. 
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LuplACv's  Ptulosopbical  Esiny  oo  PrababiUbes^     i.Tru»c{>tt  And  Emory  l.i  jmo, 

*  Ludlow  aod  Ba5s'«  El&oieDts  Ol  Trig&iidai«:trr  luad  Logjuithmk  and  Other 

T«ble* .  -  -  *     8v0t 

TrtEonometrr  Add  Tabtes  pubUih^d  sepitrSiUlF  *  ».  ^  * .  .  h  . . . . .  ^ . .   £«cht 

*  Ludlow's  LogATitluaic  asd  Trif  Oho  metric  TableB  ,,,•..,«.,•.......  .Bvc»» 

Jtacfarlaiie's  Vnctor  ARAiysis  and  QufttemiociK. .«,.,..... ,8fO|, 

HcMjihon'f  Hyperbolic  Functioiis.    . ,,........  h  ,.. ,  .8vo» 

Manning's  Irrfttioaal  rfumbirs  and  their  Representation  bjr  Seqmencet  and 

Series .  .  ,       .,....,,,, tjmo, 

Matliematlcal  Uoaagniphs,     Edited  b?  Mansfield  Merrimaa  und  Robert 

S»  Woodward.  .    ........ Octavo^  eaeh 

Hq^,  1.  History  of  Modern  Hatliematics*  by  David  Eugene  Smith. 
Ko.  1.  Sfnlbetle  Ftojective  Geometry,  bf  Geor^ie  Sruce  Balsted. 
Ho-  3.  Determinants,  by  Laenai  Gifford  Weld.  No,  4.  Hyper- 
boUe  Ftinctiflna,  by  jAme*  McMahoa.  Ko  i.  Harmonic  Func- 
tions, by  William  E,  Byerly.  Ho.  6.  Grassiiiann*s  Space  Afialy^ji, 
by  Kdward  W.  Hyde.  Ifo.  7.  Probability  and  Theory  of  Erron, 
by  Rotaert  S,  Wood*afd.  Mo.  8.  Vector  Analysia  and  Quaternions, 
by  Alexander  Hacfarlane^  ITo,  g.  Differential  Equdtiona,  by 
WiElftm  Woolsey  Johnson.  So,  to.  Ttie  Solution  of  EQuatloDs, 
|)*f  Wanifield  Hemman.  Ho.  if.  Functions  of  a  Complex  Variable, 
by  Thdmas  S^  Fiske. 

tCauref'^  Technical  M^chAnlcs.  .....*.<..«,,«,«........,..., . . . ,  .  StOi 

tf  emtnan's  Method  of  Least  Squarei.  .,......>.,......«.... .    .     Syo. 

Solution  of  Equations  ,    . .  ,    .  ................. . . ,  _   Svo, 

El^t  ftnd  Johnson's  DLfierentiai  and  Int^gf*!  CflkuJus.     3  voli.  in  one. 

iMTBt  izmQt 
Element&fT  Treatise  on  the  DiiFerential  CalaiJni, .........  .Larfd^  umo, 

Smith's  History  of  Modern  Mathematics.  ......,«..,.,, « ,  . .  ,Bto, 

»  Vebleu  and  Lennas'i  Introduction  to  the  Real  Inflniteslma!  Anftlysli  of  One 
Varinble. .,,..,...-,...,...,  ^  ..,...,  .  .  ,fivn, 

*  Wattrbury^^  Vest  Pocket  Band-Book  of  Mathematics  for  Engine  n. 

3|Xs{  Inehet,  mor* 

Weld's  Detefmlnations ._...,,......., ......*..*.,  ,8vo, 

Wood's  Elements  of  Co-ordinate  Geometry* ..,  ...**»,, ,.,.*..,   fivo, 

Woodward'c  Pfobablhty  and  Theory  of  ErrofK. .,,.....*...*.,...,..,  .Svo* 


S  00 


MECHAFICAL  ElfGriTEERING. 

MATERIALS  OF   ENGINEERING.  STEAM-EMGLNES  AXU  BOlLEttK 

Hacun's  Forge  Practice.  ,.,,...*,,..,..*.......»*.  .«.,.••,..,«* ..  .s^mo,  i  50 

Baldwin's  Ste Am  Beating  for  Buildings.  .......  .«*^.  .^,,, .«.« t^moi  2  50 

Batr'i  Kinematics  of  Machinery.  *,.,.,**.-,,,, »»,,.,,,.,^,,.,^,.  iSvo,  l  so 

»  Bartlett's  Mechanical  Dra wine ..,..**-,..►*...,.......,..  ftvo,  3  00 

•  *'  *'  "        Abridged  Ed. .,..avo,  150 

Bcnjamin'^s  Wrinkles  and  Recipes.  .....,,....,.,,,.*,.,.,.....,, .  t  jmo,  1  &b 

*  Bluff's  Ancient  and  Modem  Engineering  and  the  Uthraldtn  Canal.  . . . .  .^vo,  3  so 

Carpenter's  Experimental  Engineering.  ... .,,...,.».**..,.   Svo*  5  <hj 

Heating  and  VenttLs ting  Buitdlngs * . , ...._,.,.,  Bvo,  4  00 

Clerk's  Gas  and  Oil  Engine.. . .,..,...,....,,.. targe  t tmo,  4  00 

Comptoo*«  First  L««$ons  in  MeUl  Working  . . *...,,.........., .  tamo,  t  so 

Compton  and  De  Groodt's  Speed  Lathe ..,.......,..,.,,,. , .  lamo ,  1  50 

Ceolidgc's  Manual  of  Drawing. ,  .  . Sto,  piiper,  i  00 

GooUdge  and  Fr^eman^s  Elements  of  Genefal  Dttafting  for  Mechanical  En- 
gineers.     *. ,  „ * .  _  .  .Oblong  4to,  3  50 

Cromweirs  T^atise  on  B^lts  and  Pttlteyi  ..,,,,♦, ,,♦..•,♦ tinto,  i  50 

Treatise  on  Toothed  Gearing. , *•,.•.*.....  lamo,  i  50 

Durley's  Kinematics  of  Maehlnei,  ...........*..,............,..  ^ , .  ^gv9^  4  qo 

13 


FUther'»  B^unam^terv  And  tbs  HeaBufement  of  Power  .*,«,.•<....  iim«* 

Rope  I>TivitiK.  ......,,..,...,.,.._. .«.,..,*.,,*....,    iiiDi^ 

GUI's  Gas  And  Fuel  Analysis  for  Engineers.  ,  ^ ...,,.,.,, , .  . .  f  anao* 

Gosb'  I  I jotoniotivc  Sp*rks   ,  r  ..........,*,,,._,..,.  ^  ,,„,,,,.,.».  ,  B^9, 

Greene's  Pumping  MachJneir,.     t  In  Pfeparttion.) 

Bermg^a  Ready  Kefercnce  Tables  <  Conversion  Factor*^,  ,♦  .  *  -    ♦  ^^t^jno*  nior» 

"  Hobart  and  EUis'e  High  Speed  Dyoamo  EJectric  Machiaerr  < .  . .8^0. 

HuUoii*B  Gas  Engine.  * .  *  . , , . .  .    .  ^ ,  , ,  ^  ^ . , .  ^ ,.-,».,*,».* .  itro, 

Jtmisoa'fi  Advuoced  Mechaoieal  Drawing ............    .SvOi 

Elements  of  MecfaaniEal  Drawiof «  ,  ,  ,  .  .    Bv*o, 

JOEies's^  Maclilne  De;filgD: 

Part  I.     Kinematiee  of  Machinery-  »,,*...*..,.*.,,_..» , ,  .SrOr 

Part  II.     Form,  Strength,  and  Proportions  of  Pajts- . .  *...,*«*,*.  .8vo* 

Eenfs  MechaiiJcaJ  Engineers*  Pocket-book.  , ,.t6mo,  mor. 

ICerr's  Power  and  Power  Transmissioir.       .  +  ...».,.  ^  ***»,.  ♦ -8vo» 

Lcoaard's  Machine  Shop  Tools  and  Methods' , . .  * .  * .  *  ^  , .  -  *  .&▼<*» 

*  Lore nz 's  M odern  Ref r^gera ti ng  M.A c hi nery .    i Pope «  0a ren ,  and  Bean ) . .   Sto, 
MacCord*i  Kinematics;  or^  Practicai  Mechaniim.     , . . . ,    .._,,......  Siro* 

Mechanical  Drawing * ,  +  ,»,,.*.**,..* ♦..,.,  ^  ,,.♦  ^ ,  '.4t»i 

Velocity  Diagrams.  * ,..,,.,,. ..,....,., » .  .Bvo* 

MacFarlitnd's  Standafd  Reduction  Factor*  for  Gas«, ................  .8ro, 

JUaban*s  IndustriaJ  Drawing.     (Thompson).  ..,,.....»,.,.„,,..,,  ^ .  ^Svot 

*  Panh»ll  aad  Hobart *«  Electric  MachJue  DeUfn. . ,     Small  4to,  half  leather, 

Pe«te's  Compressed  Air  Plant  for  Mines  . ,   . ,,..,,,.,,,.,...     Sto, 

Poole'i  Calorific  Power  of  Fuels, , ..,..,,.,,,,..  Sto, 

*  For  tar's  Engineering  Reminiscences,  ISBS  to  1^2 ,.,»..*,  Bto, 

Retd'k  CottTie  in  Mechanical  Drawing.  ,.......,.,*«.*..*♦*..,.*...     Sto, 

Text'book  of  Mechanical  Drawing  and  Elementary  Machine  Design. flivo, 

Hichard'^  Compressed  Aii ...,........._......,«.  ^  ^ «.,. .  ilmo» 

Robinson's  Principles  of  Mechanism.  .    ..,.,*►**..,..»,*-...*.  -8to, 

Schwamb  and  MerrilJ^s  Elements  of  Mechanism^  ,^  ....*.«  i.«.,.,^..«.  .§yo. 

Smithes  {0.)  Press- working  of  Metals .,,.,,,.... , . , , .  .8vo» 

Smith  (A.  WJ  and  Marx's  Machine  Design. .     .  h  .  * .  . » flvo, 

SOTtI  *  a  Carbureting  and  Consbustloa  in  Alcohol  Snglne« ,    (Wool!  wwd  anJ  Pretton) . 

Laig«  tjmo, 
ThuTjton's  Animia)  as  a  Hachme  and  Prime  Motor^  and  the  Laws  of  Energetics. 

Ill  mo. 

Treatise  on  Friction  and  Lost  Work  In  Haehinery  and  Mill  Work...  8to, 

Tillson's  Complete  Automobile  Instmctor  ...,.....,.,,,,........_.  i6mOi 

mor. 

*  Titsworth*s  Elements  of  MeehanicHl  Drawing.. Oblong 8to, 

Warran*B  Elements  of  Machine  Constj-uction  and  Drawing.  .  ........  8to» 

*  Waterbury's  Vest  Pocket  Baod  Book  of  Mathematics  for  Engineers. 

7iXSl  inches,  mor. 
Weisbach's   Kinematics   and   the   Power   of   Transmlssbo.     (Bernnann— 

Klein> , 8to* 

Machinery  of  Transmisston  and  Govemora,     (Herrmann— Elein)»,  Sto, 
Wood's  Tufbioee .Ato, 
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MATERIALS   OF   EI?GmEERlIfG. 

•  BoTey's  Strength  of  Materials  and  Theory  of  Strueturvi.  .....,, 8ro. 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering. .......  ,8to, 

Church*s  Mechanics  of  EnRineering Bfo, 

*  Greene's  Structural  Mechanics 8vo, 

Holley  and  Ladd's  Analysis  of  MLied  Paints,  Color  Pigments,  and  Varnishes. 

Large  iimo, 

Johnson's  Materiala  of  Coostmction,  ,,,,.,,.,  ^ ,.,,...  ^ .., Svt^ 

Keep's  Cast  Iron. ....      . . ...........*»,...»,... , . . . ,  .Sto, 

Lanxa's  Applied  Mechanics .*....... ,.,,..., *.,.,..  Svu* 

U 


Hftlre's  Moticm  P1gm«nts  (lad  th^Lr  Vel^clei           ...««,,,  .^  ,  ^ .  t^aiQ,  3  ao 

MsTten.5*i  Hftiidbook  os  Tflitin;  Bdjiteriali*     (Beuning) . ,*.>^, ,«.*,, ^.« Sva,  7  50 

Mauler's  Tcchnkiil  Mechanicsi.  ..  ,  ,  —  ^ . .  * . . . .,.,.„  ^  ^ .,». ,  ^fiyoi  4  00 

MerriEiian's  Mec  banics  of  Materials ...,,,.. < . .  ^ .  Bftig  5  00 

*         Sltenyth  of  Materials , , ,„.,,,, . lamOi  I  OO 

Mctcalf'a  Steel.     A  UadumI  for  SteeL-uMif4>  . .  ....,.._.,. ^ ,  .ijceiOj  3  od 

Sabin's  Industrial  and  Artistic  Tecimakgy  of  Paiott  «cid  Vafiiiak. ......  .ftvo,  3  cm 

Smithes  Materialt  of  Machioes. .._......  ^ .»..  ^ ..,.. „  _  .  lamo,  1  cw 

ThufBtoTi's  Materials  of  Engineefitlg. . ,  ,..,,.*........,. 3  vojfl.,  BvOf  S  o« 

F&tt  I,       rfoa-metallic:  Materiala  oi  Englnearinj!  and  Hetallnrgy . .  kSvo,  a  00 

Part  IL      Iron  and  SteeL  .    ,  « ,  ^ ,,....._., Svo,  j  50 

Part  m.     A  Treatise  on  Bras«e«,  BronieSi  and  OUier  AUoffl  and  tlielr 

Constituenls ,....,,.  ^ ,,,..,...  ^ .... ,  S'ro,  3  s*> 

Wood**  f  De  V*)  Elements  of  Analytical  Mechantcs.  ..,.,.........,..,  8t^,  3  do 

Treatise  on   the    Reilstance   of    M^Ltetlals  and    An  Append! a  on  the 

Preservation  of  Timber  ......,...,,.....,..  ^  .,,..  ^ ...  ^ . ,  .Svop  a  i>o 

Wood*B  (M.  P.)  Eustlesg  Coatings :   Corroaloit  MMd  Electrolrils  of  Ifon  and 

Steel.  •,....,...., ,.,...,.,,.,,.,,..,,....,.....,. .fifo,  4  00 

STEAM-ERGmES  ArTD  BOILERS. 

Beny'i  Temperature-entropy  Diagram. .,,....,..,.,.  ^ .  ^  ,......>., ,  itidq,  i  1% 

Camot'a  Reflect! ona  on  the  Motive  Power  of  Heat.     (TburaCon).. . .  , .  .£3mo«  i  50 

Chase's  Art  of  Pattern  Making. ^  * ,  ^  ^ , , ,  ^ ,  ,  .tzmci,  a  50 

Creiifhtoii*s5team-eogine  and  other  Heat-motors* ...,   .,,     ».    .„.,  Bvo,  500 

Dawson's  "  Entineeriog"  and  Electric  Traction  Pocket-book. . . .  .i^mo*  mor»  s  <>« 

Ford*i  Boiler  Making  for  Boiler  MfikerB.  ....>.....*........ t8^o»  t  00 

Gebhardt's  Steam  Power  Plant  Engineering.     (In  Pxfsi.) 

Goss's  Loeomoii ve  Performance ....    ........,..,..,..., ,  8to^  s  00 

HemenwayV  Indicator  Practice  and  Steam-eDgine  Economy. , « ., . ,  .lamo,  3  00 

Htittoti*s  Heal  aod  Heit-engines. ,**,...♦.....,.,.  ,8vo*  s  <>o 

MetbanlcAl  Eng^ineefing  of  Powef  Plants.  ...................... .8vo,  S  00 

Kent's  Steam  boiler  Economy. .,,.....,..,.. ...*........  Sto,  4  00 

Ktifrass*s  Practice  and  Theory  of  the  Injector.  .,.......,...,..«....«,,  BvOi  t  so 

MacCord^B  Slide-Talves.  ...,,,,.,,. ^  ...*...,.. ,  .Sto^  3  00 

Mejrer*9  Modern  Locomotive  Co ris traction, ,..,..... .4to»  to  ov 

Moyer*S  Steam  Turbmea.     (In  Preaa.) 

Peabody's  Manual  of  the  Steam-engine  Indicator. ,i3id0i  I   50 

Tables  of  the  Properties  of  Saturated  Steam  and  Other  Vapors    ....  .ivo,  i  OO 

ThermodynamJca  of  the  Sleam-engina  and  Other  Beat-angines.. . . .  .Sto,  s  00 

Valve-gears  for  Steam-engines.  .._,,.....,,,......... Svoi  3  50 

Piiabody  and  Miller's  5team-boi!er$.  ...,....,.,,,.,.,,.,.,......,.,,   Svo,  4  00 

Pray*8  Twenty  Years  with  the  Indicator ,  ,  Large  fivo,  a  5c 

Pupin's  Thermodyiiamics  of  Reversible  Cycles  In  Gases  and  Saturated  Vapors. 

i  Ostef herg  L  .  t .-,-...................,..,..,,.. i  amo,  i  as 

Roagan's  Locomotives:   Simple,  Compound,  aad  Electric,     Hew  Edition. 

Large  jimo,  j  50 

Sinclair's  Locomotive  Engine  Running  and  Management. . . . , ...  .i imoi  3  00 

Smart's  Handbook  of  Engineering  Laboratory  Practice.  ,.,.,,^,,,^,^  .lamo*  3  50 

Snow's  Steam-boiler  Practice. , ,.....,... .  .Bvo,  3  cw 

Spangler'a  Notes  on  Thef modynamics ..,,„..,. .  i3nio»  1  00 

Valve-gears, , . ...-.,,..,.......,...*...♦,,  Svo,  a  50 

Spang leTt  Greene^  and  Marshall's  Elements  o   Steam-eiLgineerlng  ,..,.*  .8to,  3  00 

Thomas's  Steam-turbines     ..................................    . .  .  ,  8vo,  4  00 

Thurston's  Handbook  of  Engine  and  Boiler  Trials,  and  the  Us«  of  the  Indi- 
cator and  the  Prony  Brake.  ..,...«.«..,....,..,,.,,  1 ,«.. .  .Svo,  s  00 

Handy  Tables.  ,...,... Bvo,  i  50 

Manual  of  Steam- boilers  1  theif  T  e^lgns,  ConstruetloiSi  Atid  Operttloa-SyOt  s  00 
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Thunton'i  Hamuli  of  the  Steam-engliie a  volk.SvOf  lo  oo 

Put  L    Historr,  Structnre,  and  Theory. 8v9,  6  oo 

PartH.    Design,  Conitruction,  and  OperatloiL 8to»  600 

Steam-boiler  Explosions  in  Theory  and  in  Practice lamo,  i  50 

Wehrenf enning's  Analysis  and  Softening  of  Boiler  Feed-water  (Piattenon)  8to>  4  00 

Weisbach's  Heat,  Steam,  and  Steam-englnet.    (Dn  Bois).^ 8vo,  500 

Whitham's  Steam-engine  Design. Sfo,  5  00 

Wood's  ThermodynamicSf  Heat  Motors,  and  Refrigerating  Machines. .  .Sfo,  4  00 

MECHAinCS  PURB  AUD  APPLIED. 

Chnrch^s  Mechanics  of  Engineering. 8vo»  6  00 

Notes  and  Ezam]»les  in  Mechanics. Svo,  a  00 

Dana's  Text-book  of  Elementary  Mechanics  for  CoOsgas  and  ScboolB.  .lamo,  i  50 
Do  Bois's  Elementary  Principles  of  Mechanics: 

VoL     L    Kinematics. 8vo»  3  50 

VoL   IL    Statics. Svo,  400 

Mechanics  of  Engineering.    VoL   L Small  4to,  750 

VoL  n. 8maIl4to,  10  00 

■NGreene's  Structural  Mechanics. 8to,  a  50 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

LaivB  zamo,  a  00 

*  Johnson's  (W.  W.)  Theoretical  Mechanics. xamo.  3  00 

Lanza's  Applied  Mechanics. Svo,  7  50 

*  Martin's  Text  Book  on  Mechanics,  VoL  I,  Statics. tamo,  z  as 

*  Vol.  2, KhMmatlcs  aadnBelios..zamo.    l  y> 
Maurer's  Technical  Mechanics. 8to»   4  00 

*  Merriman's  Elements  of  Mechanics. zamo,    z  00 

Mechanics  of  Materials 8?o,  5  00 

*  Micbie'i  Elements  of  Analytical  Mechanics. 8vo,  4  00 

Robinson's  Principles  of  Mechanism. 8to,  3  00 

Sanborn's  Mechanics  Problems Large  zamo,  z  50 

Schwamb  and  Merrill's  Elements  of  Mechanism. Svo,  3  00 

Wood's  Elements  of  Analytical  Mechanics Cvo.  3  00 

Principles  of  Elementary  Mechanics. zamo,    z  25 

MEDICAL. 

*  Abderhalden's  Physiological  Chemistry  in  Thirty  Lectures.    (Hall  and  Defren) 

Bto, 
von  Behring's  Suppression  of  Tuberculosis.     (Bolduan) lamo, 

*  Bolduan's  Immune  Sera lamo, 

Davenport's  Statis.ical  Methods  with  Special  Reference  to  Biological  Varia- 
tions  i6mo,  mor. 

Ehrlich's  Collected  Studies  on  Immunity.     (Bolduan) Svo, 

*  Fischer's  Physiology  of  Alimentation Large  i3mo,  cloth, 

de  Fursac's  Manual  of  Psychiatry.     (Rosanoff  and  Collins) Large  xamo, 

Hammarsten's  Text-book  on  Physiological  Chemistry.     (Mandel) Svo, 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  ..Svo, 

Lassar-Cohn's  Practical  Urinary  Analysis,     f Lorenz") xamo, 

Mandel's  Hand  Book  for  the  Bit  -Chemical  Laboratory . .  zamo, 

*  Pauli's  Physical  Chemistry  in  the  Service  of  Medicine.     (Fischer) zamo, 

*  Pozzi-Escot's  Toxins  and  Venoms  and  their  Antibodies.     (Cohn) zamo, 

Rostoski's  Serum  Diagnosis.     (Bolduan) xamo, 

Ruddiman's  Incompatibilities  in  Prescriptions Svo, 

Whys  in  Pharmacy zamo, 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Omdorfif) Svo, 

*  Sattei  lee's  Outlines  of  Human  Embryology zamo* 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students Svo, 
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Steer*  Treat  be  on  the  Diieiues  ftf  the  Dog.  8vo» 

•  W|jippUs'»  TyphoLl  Fevtr     .  ..... *.*.*, Large  i  imo, 

WoodhulFft  HoteB  on  Military  Hjgleofl »»«»,•  i  ,,■«■.  ^ «,.-.... .  i6mt>, 

•  Personal  Hyilene* ...  ,    ,...,,.... simo, 

Wofccfiei  aulI  Atkhi5oti*s Smttl  IlL>spi(ik  £$tai4bhmeril  anJ  Mxtnteaftnce, 

aoJ  S  icgestlons  for  tlospltil  Architectnfe.  with  FIaha  for  a  SmjiH 
Hotpiml  ......,..*,,  ..»,».,...,..*  tamo* 


3  50 
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METALLURGY. 

Betti's  Le«(l  Rc6iiine  bj-  Electrolf ils    .    8vo, 

&9lUa(l''t  Eocyclopedia  of  Founding  and  DktionaiT  of  Fnundrf  Tomf  U««dl 

in  (he  Pmcttce  ttt  MouldJjis t  imo, 

Iroa  Fotudar  . «  ,  ...  1 2mo» 

"  "        Supi»l«fu«at ,  .1 1  mo, 

DoucUi«''s  U&tecliiUjcml  Addresses  on  Tecbnital  Subjects  .  .    t^mo, 

G<Msi^erB  Minerals  and  Metftls;  A  Reference  Book  ....  i:6mo,  cnor- 

•  Hes's  Lead'BTQelting  .  . ,..,..... i  tmo, 

£cep*s  Can  Iron ..,>... ,    .  ....     Svo^ 

1^  CkLateIier*s  Htgli-tcisiperftlitr«  Me«ttir«mealj|.  <B£»udoiurd  —  Bur£e«%>  lamo, 
Metcalf «  Steel'     A  MaaoaJ  for  Steel-tuen  «...  iimo* 

Miller'3^  Cyanide  Procen  .,.,...,..,...  .    t^mo* 

itinet's  Prodiaction  of  Almninium  tnd  Itt^ndtistmi  Use*    i  Waldo  i  .  .  .iimo, 
Eo^bine  asd  te£ii£len'i  Cyanide  ladustiT-     '1'^  Clerci  .  ..  .   Sio, 

Ruer^f  Elrments  of  M^iaUt^raphy,     rHathewion'i      I'ln  Pread^l 

Sftiith't  Materials  of  Macbinss .  .    _  ,  .  ismo^ 

XhviratciQ*!  Materials  of  Enffinecdnf .     In  Three  ParH  _  .    .       Bvo, 

Faff  I.        Kon~metaUic  Materiala  of  Engmecrlng  and  Metallufgy .  .  8vo« 

Part  IL       Iron  and  SteeL  *  -- Svo» 

Pirt  in.     A  Treatiit  on  Er^viei*  Brooxti,  Aud  Otbar  AU07S  and  ttieir 

ConfitttuentB. ....      ...        ..,.** « * Svo^ 

Ulke'^  Modem  ^ectrolf  tk  Copper* Refining  .     ...,,.  ^  .>  ^  ■  3vo, 

Weil**  American  Foondr?  ftacdce  .*,...........,..*...,,  1  aaoi 

Moulder'^  T^xt  Book    * ..*..* 1  jmo, 

WilioD*!  Chlortnation  Proceas  ,  . .  . , ....,,..  ^  i .  ^ . . ....,* .1  inio* 

Cranide  Pfocesaea,  ..... , , .........*., .1  imo. 
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MINERALOGY. 

^nikiringer's  Deacrijitl^ni  of  Mineral!  of  Commercial  Value.. Oblong,  mor. 

Boyd's  Resources  oi  Southwest  Virginia; -  -Sifo, 

Bo?d*B  Map  of  Southwest  Virgtiiim.  . .    .Pocket-book  form. 

•  BmwiimR's  Ifitrcniijcltoiii  lQ  the  Rattrr  FJcitienU  ....    ,.    ,.,    ....         ftvo, 

Brushes  Maftuai  of  0ei£rmiaaiive  Mtneraiogy.     {Penfield  h. . . ..  KvOi 

Bntler'fPoclEet  Hand-Boot  of  MliiAml»^........  t6um»,  ntor. 

Chester's  Catalogue  of  Minerais* ► . . .  Svo,  pa^r, 

ClotH, 

»  Cmae's  Gold  and  Silver.  *-..',..... ............  ivo, 

Dana's  First  Appendix  to  Dana's  New  "System  of  Minefalogy,  /*,  Lat:se  R¥o» 

Manual  of  Minrralogy  and  Prtrocraptiy.  .   ,....«.,..«..  J  tmo 

Mifierals  and  How  to  Study  Them  .... tamo, 

System  of  Mineralngy La^e  Svo,  half  kacber, 

Teit-book  of  Mineralogy. ^  **«*, 

PongUs's  TJntechnical  Addresaea  on  Technical  Sublecta.  .  .,....,  .  iimo» 

F.itkle*9  Mineral  Tables. -  * ...    8vo, 

Stone  and  ClAy  Froducta  Used  Im  Eagineerini.     i  la  ^wp»faU*Mi. ) 

E'lefton'f  CfltabttUe  of  Minerals  and  Sypouyina.  .......».«•<«.  ^. Rvo, 

Do^sersMinernUatidMeialst     A  Reference  Booit .,l6ttio.mor. 

Oroth's  latTOductiou  lO  ghemieal  CtystaJlogtapJiy  (Manliall) ........   lamoi 
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